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Foreword 


“A Touch of Genius” 


I was shocked...and amazed! 

Looking up from the latter pages of Dr. Tom Levy’s 12" book, 
Magnesium: Reversing Disease, I realized that in my entire 43-year medical 
career, I had never before heard these two words, magnesium & 
mitochondria, being used together in the same sentence! 

Here it is: 


“,..95% of the magnesium in the 
cell is in the mitochondria.” 


Of course, I knew about both of these words. I knew they were related. I 
just didn’t realize how INCREDIBLY RELATED they were! 

When I graduated from medical school in 1976, we weren’t much 
concerned about mitochondria, the powerhouse of almost every cell in the 
human body. Mitochondria were briefly alluded to in our basic microbiology 
course, along with the infamous Krebs Cycle. We learned enough to pass the 
written tests. However, once we were in the hospital, we were doing the 
“real” work of medicine: seeing patients, doing physical exams, ordering 
tests, and prescribing treatments such as medication and surgery. For sure, 
mitochondria didn’t seem to have anything to do with it! 

At that time, however, the word magnesium was more meaningful to me. 
Why? During my third year of medical school my father developed chest 


pain in the small town where I grew up. Because he was a moderate smoker, 
his family doctor (my cousin) presumed it was angina and worried he might 
have a serious blockage in his coronaries. Dad was sent to a tertiary care 
hospital for a heart catheterization. 

Interestingly, he was also having multiple premature ventricular 
contractions (PVCs) when he arrived at the hospital. PVCs are heartbeats that 
trigger too early and occur too frequently. Although they are generally 
benign, PVCs can spell trouble when they happen during a heart attack. 

Fortunately, in addition to a whole battery of blood tests, Dad’s assigned 
cardiologist correctly ordered a serum magnesium level to check out the 
PVCs. (I doubt that the cardiologist even gave a second thought about this 
being related to my Dad’s mitochondrial health.) Dad’s serum magnesium 
level was very low. Dad always had had an upset stomach and was an avid 
Tums user. For sure, all that calcium had been effective in neutralizing his 
stomach acid, but it had also prevented the proper absorption of magnesium 
from his diet. This explained the low serum magnesium and the PVCs. 

I was in the cath lab when the cardiologist squirted Dad’s coronaries. 
They were all clear! The nurses and I actually started cheering and clapping! 
Dad was awake and smiling broadly too. The only one not celebrating was 
the cardiologist, as he appeared to be deep in thought. His fortunate discovery 
of low serum levels of magnesium and the proper response to it resulted in 
decisive actions that made a huge difference in my father’s health, who was 
53 at that time. 

The cardiologist ordered an upper GI barium swallow and diagnosed an 
acid reflux problem that was causing the lower esophageal spasms that 
mimicked angina chest pain. These spasms were a direct consequence of 
Dad’s low magnesium level. 

The cardiologist told Dad to take SlowMag (an OTC form of magnesium) 
for the rest of his life. He did... and he lived until the ripe old age of 90. 

He looked my father in the eye, right there on the cath table, and said, 
“Elmer, this would be a perfect time for you to quit smoking!” My Dad, 
being in a very teachable moment, never touched another cigarette. Hip 
Hip... Hurray! 

That profound experience was my introduction to the word magnesium... 
something Pll never forget. Now, the word mitochondria...essentially, that 
word meant nothing to me for the first 10 years of my medical practice as a 
family doctor. During that initial decade of my medical career, I never 


thought about any patient’s mitochondria, nor did I ever measure serum 
magnesium levels like the cardiologist did. So, of course, I never saw the 
vital relationship between the two. I was your typical conventional doctor 
who listened to symptoms, did a few tests, made mental diagnoses, and then 
treated my patients with symptom-controlling medications. 

Fortunately, in 1989, I ran into Dr. Hugh Riordan, the founder of The 
Center for the Improvement of Human Functioning (now known as The 
Riordan Clinic since his passing in 2005.) Hugh was interested in disturbed 
cellular functioning as the root cause of all human disease. Spending untold 
time in The BioCenter Laboratory, he measured and analyzed nutrients and 
hormones...intra- and extracellular molecules that were necessary for the 
healthy functioning of cells. 

When I joined Hugh Riordan that year, something amazing happened: I 
actually started to use the knowledge I had gained during the first two years 
of medical school. I started thinking about mitochondria, cellular membranes, 
the nucleus, ribosomes, lysosomes, and a whole new vocabulary of 
microbiologic thought that had somehow escaped my attention and the 
attention of most busy physicians. 

That’s when I first began reading the works of said Dr. Thomas Levy. 
(Little did I know that we would be traveling the world together, awakening 
health practitioners to that Wonderful World Within You — the title of Dr. 
Roger Williams delightful book about intracellular biology and nutrition that 
he wrote in hopes of inspiring his grandchildren to recognize the supreme 
importance of nutritional biochemistry.) 

Now, Dr. Levy has done it, again. I mean, REALLY DONE IT! In this, 
his 12", and what I believe is his consummate work, he has used two of the 
most powerful words in the biochemical vernacular...in the same sentence! 
Once again: 





“...95% of the magnesium in the 
cell is in the mitochondria.” 


Mitochondria make up 10% of the total weight of the human body. 


Without the mitochondria, our cells could only generate 1/19" of the energy 
we now use to maintain health. One of the great emerging medical insights of 


our time is that the vast majority of the chronic illnesses have their origin in 
MITOCHONDRIAL DYSFUNCTION, which then leads to global cellular 
dysfunction, the hallmark of chronic illness. 

This book contains over a thousand references to back up what I would 
call THE ULTIMATE CONCLUSION: chronic illness = cellular dysfunction 
= hidden magnesium deficiency. 

Take a look at the chronic illnesses afflicting our globe today: Cancer — 
Heart Disease — Alzheimer’s — Autoimmune “-itis disorders” — Digestive 
Disorders — COPD — Obesity — Diabetes -the innumerable viral and bacterial 
infectious diseases — Osteoarthritis and Musculoskeletal Disorders — many 
more. These are all covered in detail in this book! Their link to magnesium 
deficiency is beyond dispute. Modern medicine has managed to overlook its 
own scientific foundation in favor of the myopic view that drugs are the only 
way. (Although sometimes they are!) 

These chronic illnesses are not only stealing quality of life from the 
majority of our fellow planetary inhabitants, they are also stealing health care 
resources in a dramatic way. 

In 1960, the average annual cost of health care in the U.S. was $146. 

By 2017, as reported by the centers for Medicare and Medicaid Services 
report, “National Health Expenditures Summary Including Share of GDP, CY 
1960-2017”, it had risen to an incredible $10,739! 

My conclusion, and the conclusion of this book, is simple: we have 
allowed our medical care system to focus predominantly on symptoms, not 
causes. This treatment paradigm ignores biology and tout’s pharmacology. 
Result: an unsustainable healthcare system. 

Allow me to quote Albert Einstein: 


“Any intelligent fool can make things bigger 
and more complex...it takes a touch of genius, and 
a lot of courage to move in the opposite direction.” 


This book is a clear road map to a better, simpler, and more rational way 
to reverse the great disease epidemics of our times. 


Ron Hunninghake, MD 
Chief Medical Officer 


Riordan Clinic 
Wichita, Kansas 


Preface 


It’s been nearly five years since Death by Calcium was published. For 
several years prior to writing that book, the need to expose the real and 
imminent dangers of excessive calcium ingestion often surfaced as I ran 
across more and more peer-reviewed research demonstrating its incredibly 
negative health effects. What was worse, the dairy industry, supplement 
manufacturers, pharmaceutical companies, and physicians all over the 
country and throughout the rest of the world were (and still are) aggressively 
promoting this dangerous calcium over-consumption in the name of good 
health. 

It is true that the body needs a limited regular dietary intake of calcium. 
What is not true is that an adult needs more than is found in a healthy diet in 
an individual with a normal vitamin D status that omits all but occasional 
dairy. In fact, over-consumption of calcium has been linked to increased all- 
cause mortality, heart disease, cancer, arthritis, and even dementia. And, 
contrary to the advertising promises, calcium does not prevent or even reduce 
the incidence of factures related to osteoporosis. The scientific proof of these 
facts is abundant and much of it is decades old, “hiding in plain sight” in the 
world-wide scientific literature. This means that the majority of healthcare 
practitioners in this country are either ignorant of or choose to ignore the 
research published in their own medical journals. My publisher and I thought 
it necessary to take this important warning to the health-conscious public, and 
so, Death by Calcium was born. 

At that time, my suggested remediation of calcium toxicity was to avoid 


calcium supplementation, restrict its dietary intake, and to improve 
antioxidant and nutrient status with some specific dietary and supplement 
regimens, along with the proper adjustment of certain critical hormones — 
advice still important to follow. 

Recently, however, MedFox suggested that I write a book on magnesium. 

I must admit, my first reaction was rather tepid. A quick look online 
revealed a plethora of books on magnesium. Frankly, I initially felt that 
another magnesium book would just be a reproduction of what was already 
too available in bookstores and on the internet and would not be especially 
significant or noteworthy. But because I highly respect the advice of the folks 
at MedFox, I started to delve into recent magnesium research. What I found 
was astounding! 

Not only did my research further confirm the information published in 
Death by Calcium, it also demonstrated beyond a shadow of a doubt that 
magnesium is actually the natural antidote for calcium toxicity and the 
intracellular damage it causes. This is a huge finding that still remains 
unappreciated. Excess intracellular calcium is present in all diseased cells, as 
well as in all cells affected by any poisoning or toxin exposures. This 
elevated intracellular calcium, along with the increased intracellular oxidative 
stress that it directly causes, must be remedied in order to resolve or improve 
any medical condition or toxin exposure. As it turns out, increasing the 
intracellular levels of magnesium is the natural antidote to this elevated 
intracellular calcium characteristic of all disease processes. The greater the 
magnesium uptake into these cells, the more that calcium is displaced and 
pushed out. Additional measures are available to help normalize intracellular 
calcium levels, but magnesium is the most important. Furthermore, the 
intracellular calcium levels will never normalize by any other measures if 
significant deficiencies of magnesium in the body remain unaddressed. 

Many different agents will promote good health. However, magnesium, 
along with vitamin C, are head and shoulders above all other supplements. 
Certainly, there are many different vitamins, minerals, and nutrient agents 
that strongly support good health and are wonderful supplements to take on a 
regular basis. However, all treatment and/or supplement protocols will never 
result in optimal health if magnesium and vitamin C are not adequately 
supplemented on a regular basis as well. 

I’m convinced, with the few rare situations involving magnesium excess 
or toxicity mentioned later in the book, that everyone will benefit from 


learning and applying the information presented herein. Prepare to be amazed 
and to find healing for much of what ails you as you explore and employ the 
wealth of information you now hold in your hands. You will quickly see that 
this is not just another magnesium book. 


Thomas E. Levy, MD, JD 


Introduction 


Our incredible bodies are comprised of trillions of cells. At the 
foundational level, cells are built from of an enormous number of 
biomolecules of many different kinds such as lipids, proteins, enzymes, 
DNA, amino acids, etc. A simplified overview can be diagrammed like this: 


Biomolecules 


Combine to make a 
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| the Body | 


When biomolecules lose electrons through oxidation, they also lose all or 
most of their normal chemical reactivity, or biological function. A cell is 
deemed to be diseased when the quantity of oxidized biomolecules within the 
cell walls begins to disrupt normal cellular function. When the number of 
dysfunctional cells is sufficient to impair normal tissue or organ function, a 


diagnosis can usually be made, depending upon where, how, the extent, and 
the type of cells that are damaged. That can be represented like this: 
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All pathogens, toxins, and poisons, directly or indirectly, promote 
increased intracellular oxidative stress (increased IOS) in the affected cells as 
more and more biomolecules are oxidized. One of the chief mechanisms for 
elevating IOS involves increased extracellular calcium entry into the cell via 
the calcium channels in the cell’s membrane. 





The Problem with Traditional Healing Paradigms 


Traditional medicine has definitely produced many astounding and 
helpful breakthroughs. It is not the intent of the author to cast aspersions on 
all traditional health paradigms out of hand. There is certainly a proper place 
for some traditional methods and interventions. The important point is that 
many of the approaches employed by traditional health care practitioners 
have serious limitations because they fail to treat the underlying causes of 


disease pathologies. Rather, they are largely focused on symptom 
suppression/elimination. Symptoms, of course, are a manifestation of the 
disease, but they are not the disease, and blocking them in no way addresses 
the cellular pathology inside the diseased cells. 

Maintenance drugs, surgery, chemotherapy, and radiation are the primary 
tools of the traditional healthcare practitioner. With the exception of a certain 
class of prescription drugs known as calcium channel blockers, these 
treatment modalities do not address the root problem. When these traditional 
treatment approaches are combined with good nutrition, focused 
supplementation, and proper care of the body, some restoration of health and 
wellness at the biomolecular level can result. However, such improvements 
occur in spite of the medical treatment rather than because of it. 


Maintenance Drugs 


As just noted, with few exceptions, maintenance drugs take aim at disease 
symptoms. Not only do most drugs fail to address the underlying problem of 
oxidized biomolecules, but directly or indirectly they often generate more 
oxidized biomolecules. That’s not to say there isn’t a place for medications, 
but most often they can only provide temporary symptom relief and may 
themselves cause other health problems. However, even when they do not 
generate the oxidation of more biomolecules, they still are “permitting” the 
underlying disease process to continue to evolve and worsen. 


Surgery 


Many surgical interventions are helpful and some are necessary. But, 
surgery never remediates pathologies due to oxidized biomolecules. As long 
as the conditions that are producing increased IOS are not addressed, surgery 
will only be a temporary fix. 


Chemotherapy and Radiation 


The main purpose of chemotherapy and radiation is to create enough 
oxidative stress in diseased cells to kill them. The major problem here is that 
the increased IOS induced by these chemicals is not and cannot be limited to 
diseased cells. Rather, it affects healthy cells as well, further expanding the 


population of diseased cells in the body. 


The Functional Approach 


Fundamentally, lasting health and wellness starts at the molecular level. 
Unless the underlying cause of any pathology is remediated, a patient can 
never achieve optimal health. It is the contention of the author that increased 
IOS is the cause of all disease and in fact, that it is the disease. 

If that is true, and evidence for that position is abundant, the healthcare 
practitioner must employ whatever means are available to limit the causes of 
increased IOS and to heal (chemically reduce with electron donation) 
oxidized biomolecules through the use of antioxidants, hormones and other 
interventions. Much documentation showing that the major cause of 
increased IOS is an excess of intracellular calcium as has been thoroughly 
presented elsewhere (see Death by Calcium by the same author). This current 
work lays out the case for magnesium as the natural antidote for that calcium 
excess. 

Section One reveals copious evidence for magnesium’s unparalleled 
restorative and often curative power. Here the reader will be presented with 
the documented mechanisms by which magnesium works its “magic,” not 
only at the cellular level but also throughout various tissues and organ 
systems in the body. 

Section Two provides a strategy for applying magnesium’s therapeutic 
powers in tandem with other interventions to achieve optimum health through 
prevention of further damage along with repair/reversal of existing damage. 

We stand at the threshold of a new frontier in the practice of medicine 
that can lead to true health and wellness. Restoring oxidized biomolecules to 
the functional (reduced) state in combination with the prevention of 
chronically increased IOS provides real hope for reversing and even curing 
disease. 


SECTION ONE: 


The Evidence of Magnesium’s 
Unparalleled Curative Power 


Ignorance Has 
Consequences 


Why isn’t serum magnesium tested as a part of the routine laboratory 
profiles drawn by the vast majority health practitioners? Published research 
from the past few decades much more than justifies such tests, but most 
doctors are woefully unaware about the role this essential mineral nutrient 
plays in health and longevity. And now, the more recent research that is 
presented throughout this book indicates that regular monitoring of serum 
and intracellular magnesium levels is exponentially more important than ever 
imagined. 


Essential Mineral Nutrient 


Magnesium is the second most abundant cation (positively-charged ion) 
inside the cells of the body after potassium, and it is the fourth most abundant 
cation throughout the body. It is present in high concentrations in every 
metabolically active cell of the body, and, not surprisingly, it is essential for 
life as well as just good health. 

Magnesium is an essential cofactor for hundreds of critical enzymes in 
the body, and it is known to be involved in roughly 80% of all the known 
metabolic functions in the body.'* When essential enzyme cofactors such as 
magnesium are significantly diminished in concentration and availability, the 
overall enzyme activity in an area of diminished cofactor concentration is 


significantly diminished as well. 

Magnesium has been found to be critical for the metabolism of ATP (a 
critical molecule involved in the delivery and dissemination of energy in all 
the cells of the body). It is also required for protein, DNA, and RNA 
synthesis, as well as for the synthesis of fatty acids and for the conversion of 
vitamin D into its active hormone form in the body.? Magnesium also plays a 
critical role in the production of glutathione, the most important and most 
concentrated antioxidant inside the cells of the body.*” Inside the cell, 
magnesium works to keep sodium and calcium levels lower and potassium 
levels higher. Arguably, there is no single molecule more critical for 
sustaining life and promoting health than magnesium. For example, few 
molecules are as critical as vitamin C. However, high doses of other 
antioxidants can partially compensate for an advanced deficiency of vitamin 
C. However, there are NO such even partially compensatory substitutes when 
magnesium is deficient. Only magnesium can alleviate the impact of a 
magnesium deficiency. 


Magnesium is an essential cofactor for 
hundreds of critical enzymes in the 
body, and it is known to be involved 

in roughly 80% of all the known 
metabolic functions in the body. 


...this unaddressed state of magnesium 
deficiency is not only the origin of 
many diseases, it reliably promotes and 
further aggravates all known diseases. 


Ironically, as essential as magnesium is, it is often referred to as the 
“forgotten electrolyte,” as clinicians continue to fail to realize its vital role in 
supporting optimal health in every tissue type and organ system of the body.” 
When a serum magnesium level is clearly low, the clinician might start 
magnesium supplementation even though it should always be initiated in that 


situation. Since magnesium does most of its work inside the body’s cells, 
substantial body-wide deficiencies of magnesium are common even in the 
face of a normal serum magnesium level. And, much more often than not, 
this “hidden” deficiency remains unaddressed for the lifetime of the patient. 
As will be demonstrated in subsequent chapters, this unaddressed state of 
magnesium deficiency is not only the origin of many diseases, it reliably 
promotes and further aggravates all known diseases. 


Body-Wide Impact 


As will be discussed in much greater detail throughout the book, 
magnesium deficiencies have been associated with virtually all of the disease 
States that have been specifically studied for this relationship. Furthermore, 
many of the associated disease states substantially improve and sometimes 
even disappear upon a sufficient enough restoration of the depleted 
magnesium stores in the body. Some of the more significant conditions 
caused and/or worsened by magnesium deficiency include the following: 


Y Cardiovascular diseases (coronary and peripheral 
atherosclerosis, cardiac arrhythmias and QTc prolongation, 
hypertension, congestive heart failure; stroke) 

Metabolic syndrome 

Diabetes 

Chronic fatigue and fibromyalgia 

Kidney disease 

Osteoporosis and osteoarthritis 

COPD and asthma 

Calcium-containing stone formation anywhere in the body 
Preeclampsia and eclampsia 

Migraines and seizure disorders 

Depression and anxiety 

Dementias, neurodegenerative diseases, and seizure disorders 
Hearing loss 


QVNNNNNNNNNN 


The Healing Mineral 


Since magnesium is an important mineral in the structure of normal bone, 


most of the scientific literature that examines the relationship of magnesium 
to the support and promotion of good healing in general focuses on its ability 
to help heal bone fractures and promote bone growth.!°!? However, when 
the effects of magnesium on healing not related to the bone are examined, the 
effects are still consistently very positive. Just like insulin, which strongly 
promotes the transfer of magnesium from the extracellular to the intracellular 
Space, Magnesium supplementation by itself is a clear-cut healing agent. 


Just like insulin, which strongly promotes 
the transfer of magnesium from the 
extracellular to the intracellular space, 
magnesium supplementation by 
itself is a clear-cut healing agent. 


Magnesium serves as the most important calcium channel blocker in the 
body. It also appears to be a more general calcium antagonist and regulator of 
calcium metabolism.'*"!? And since excess calcium in the body, particularly 
inside the cell, lies at the root of all pathophysiology, magnesium is and 
remains the perfect antidote to mitigate all diseases. 

In a randomized, double-blind, placebo-controlled trial on diabetic 
patients with foot ulcers, daily oral supplementation with only 250 mg of 
magnesium oxide nevertheless showed substantial benefits in terms of ulcer 
size, glucose metabolism, plasma total antioxidant capacity, and C-reactive 
protein level.*° Another similarly conducted trial that involved the same dose 
of magnesium oxide along with vitamin E produced much the same results on 
ulcer improvement, antioxidant capacity, lipid levels, C-reactive protein, and 
glucose control.2! In another randomized, double-blind, placebo-controlled 
clinical trial, short infusions of magnesium directly before and during 
outpatient mastectomies both improved Quality of Recovery questionnaire 
scores and significantly reduced oral opioid doses post-procedure for pain 
control after discharge.** Acute ischemic stroke patients recovered more 
quickly when given a 24-hour infusion of magnesium sulfate.** Intravenous 
magnesium in rabbits with burns was shown to decrease burn area, wound 
depth, healing time, and size of healed scar.** Animal and cell studies have 


also demonstrated this ability of magnesium to support good wound 
healing.*?*© Another animal study suggests that the early elevation of 
magnesium in wound fluid (along with a reduction in calcium level) is an 
activator of the important cell migratory response needed to initiate and 
sustain healthy healing.*’” Collectively, all of these studies logically indicate 
that any form of magnesium that eventually is able to raise intracellular 
magnesium levels and thereby lower intracellular oxidative stress will have a 
positive healing impact clinically. 


Not surprisingly, there appears to be a 
consistent linkage/relationship between 
intracellular magnesium levels, glucose 
metabolism, and glutathione, which are all 
factors that positively impact increased 
intracellular oxidative stress (increased IOS). 


Not surprisingly, there appears to be a consistent linkage/relationship 
between intracellular magnesium levels, glucose metabolism, and 
glutathione, which are all factors that positively impact increased intracellular 
oxidative stress (increased IOS). Insulin increases intracellular glutathione 
levels, decreasing intracellular oxidative stress.*° Glutathione administrations 
increase intracellular glutathione levels, and they also improve intracellular 
magnesium levels. In vivo infusions increased magnesium levels inside red 
blood cells, and in vitro glutathione addition substantially elevated 
intracellular magnesium levels.*? All of these positive effects also appear to 
be directly supported by the ability of another important antioxidant, vitamin 
E, to improve the action of insulin.°? Another study concluded that a lowered 
glutathione intracellular status (increased IOS) reduced insulin effect 
(sensitivity) but that improving the intracellular glutathione levels via 
intravenous infusion significantly increased insulin effect and total glucose 
uptake.*! Generally, a state of increased IOS inside the cells serves to worsen 
itself in a downhill positive feedback manner, until and if a direct 
intervention can “break the cycle” or at least slow it down (vitamin C, 
vitamin E, glutathione, magnesium administrations, etc.) by lessening that 


oxidative stress. 

Diabetes and hypertension have long been observed to be diseases that 
frequently occur together, with substantial similarities in body type, 
inflammation and oxidative stress levels, and insulin resistance.°2 It has also 
been established that many diabetics have very low intracellular magnesium 
levels.’ Intracellular magnesium levels are significantly depleted in 
hypertensive patients, and higher blood pressures are related to even lower 
intracellular magnesium levels.** Furthermore, in hypertensive patients the 
lower the intracellular magnesium level is, the less it will be elevated 
following insulin administration.” In other words, the intracellular 
magnesium needs some support independent of the amount of insulin present 
in order for the insulin to function optimally. The ionic status of the 
cytoplasm must be normalized as much as possible for insulin to have its full 
physiological impact in the first place. Although an argument can be made 
that one condition can help to “cause” the other, restoring magnesium levels 
would appear to be much more effective in resolving or stabilizing the 
underlying diseases and improving both the blood pressure and blood sugar 
than just giving more insulin to deal with the decreased insulin sensitivity 
(increased insulin resistance) characteristic of these diseases. In other words, 
it is more important to treat insulin resistance, at least initially, with 
magnesium and not just more insulin. 


The Need for Magnesium Supplementation 


While it might be technically possible for a limited number of individuals 
in good health to adequately support normal magnesium levels throughout 
the body with a perfect diet that is perfectly digested, such a situation is so 
rare that it should be effectively regarded as nonexistent. Many individuals, 
especially older ones, have multiple diseases or medical conditions that 
increase the magnesium demands of the body. Furthermore, many 
medications, especially diuretics and proton pump inhibitors (e.g., Prilosec or 
Nexium), can cause a chronic wasting of magnesium that is extraordinarily 
difficult to negate or overcome with magnesium supplementation. Other 
prominent magnesium-lowering agents include aminoglycoside antibiotics, 
some antiviral and antifungal agents, | chemotherapy, and 
immunosuppressants. 


And for most individuals, these RDAs 
will be substantially below the amount 
of daily magnesium that should be 
absorbed/assimilated to maintain 
an optimal magnesium status. 


For individuals who cannot afford or are otherwise not inclined to eat an 
organically-sourced diet on a regular basis, the amount of magnesium being 
consumed in a “regular” non-organic diet is nowhere close to even the dietary 
reference intakes (RDA) that are recommended at this time.°° And for most 
individuals, these RDAs will be substantially below the amount of daily 
magnesium that should be absorbed/assimilated to maintain an optimal 
magnesium status. RDAs for the daily requirements of vitamin C, for 
example, should be increased roughly 100-fold or more to optimize the intake 
of this nutrient for many people. The increased use of non-organic fertilizers 
and different forms of food processing simply prevents most food and food 
sources from having a reasonable content of magnesium in the first place. 
Some authorities assert that modern food processing depletes the magnesium 
content by 80 to 90%. Furthermore, it has been estimated that over the last 60 
years the magnesium content in non-organically raised fruits and vegetables 
has decreased by 20 to 30%.°” Even overeating such foods will not come 
close to sustaining a normal magnesium status in the body. 

The magnesium content of drinking water can have a substantial impact 
on magnesium status and general health. Although it should not completely 
substitute for magnesium supplementation, it does appear that the magnesium 
content of drinking water can significantly support magnesium levels with 
significant positive health impact in the body.*®9 In a sizeable meta-analysis 
of 10 different studies, it was concluded that the risk of death from coronary 
heart disease was significantly lower when drinking water with higher 
magnesium levels was consumed.*? Higher magnesium drinking water levels 
also have been associated with a lower risk of ovarian cancer death and a 
lower risk of death from hypertension.*!** There is no good reason to believe 
that any similarly constructed studies on the impact of higher magnesium 
levels in the drinking water of a population would not favorably impact 
whatever other disease or condition is being examined. 


All that said, most individuals, with just a few exceptions, should be 
supplementing with magnesium (see Chapter 18 for more detail). 


Calcium 
Antagonist 


Magnesium’s Primary 
Function and Benefit 


The Toxicity of Excessive Calcium Ingestion 


The medical literature is incredibly clear: Calcium is very toxic when 
chronically ingested in excessive amounts! Unfortunately, there is a profound 
ignorance about what peer-reviewed journals report, even among health care 
professionals regarded as experts in human physiology and clinical medicine. 
The untold sickness and death that results from not being aware of calcium 
toxicity is further magnified by the fact that many health care providers 
vigorously promote regular dairy consumption and even advocate calcium 
supplementation as beneficial for general health. 

Since many health-conscious people wrongly regard significant ingestion 
of dietary calcium as an integral part of an optimally healthy lifestyle, the 
nearly universal promotion of calcium supplementation — especially by health 
professionals — makes total calcium intake an even greater public health 
concern. 

It is best to regard calcium as a “toxic nutrient.” That means it is 
absolutely essential for good health at a lower range of intake, but it becomes 
progressively more toxic the more it is ingested beyond this lower range. 
Although many nutrient supplements can be taken with no significant 
concern for reaching a toxic level of ingestion, this is definitely not the case 


with calcium. Most Americans already consume too much calcium in the 
diet, so supplementation is actually dangerous for most people. 


Most Americans already consume too much 
calcium in the diet, so supplementation 
is actually dangerous for most people. 


The medical and scientific literature supporting the toxicity of excess 
calcium is substantial. Even calcium supplementation as minimal as 500 mg 
daily puts the supplementing individual at a greater risk of heart attack and 
stroke.t Furthermore, a much larger and prospective study that followed 
over 61,000 women over a very extended period of time (median of 19 years) 
examined mortality relative to overall daily calcium ingestion. This study not 
only demonstrated a significantly increased chance of premature death from 
heart disease among the women taking in the most calcium from dietary and 
supplemental sources, it also showed that high calcium intake was associated 
with an increased all-cause mortality.* A more recent study with men showed 
the increase in all-cause mortality from high calcium intake among men was 
even more dramatic than in women.” These increases in the chance of death 
from any and all diseases indicate that excess calcium equally harms all the 
cells of the body. 

The above studies are further supported by research examining increased 
death risk with a very predictive medical test that is used to determine heart 
attack risk (coronary artery calcium tomography). The calcium score from 
this test is a direct and objective indicator of how much calcium has 
deposited in the coronary artery. Initially, a greater chance of death from 
coronary artery disease (heart attack) was found to correlate with increased 
calcium scores. However, since the increasing calcium deposition in the 
coronary arteries is really just the most visible display of excess calcium 
throughout the body, including inside of all the cells, it turns out that this test 
is also a good measure of the chance of death from any condition (all-cause 
mortality). Multiple studies now show that the higher the coronary calcium 


score, the greater the chance of dying from anything." 


Even calcium supplementation as 
minimal as 500 mg daily puts the 
supplementing individual at a greater 
risk of heart attack and stroke. 


The Adverse Effects of Magnesium Deficiencies 


Magnesium deficiencies have been found to be associated with just about 
every medical condition that has been examined in a scientifically sound 
manner. Research suggests that this is true because magnesium serves as a 
natural calcium channel blocker and as a general antagonist to calcium.!*!° 
This is significant because these calcium channels literally penetrate and 
traverse the full width of the cell membranes throughout the body. As such, 
they are the primary determinants of how much calcium gets inside the cell. 
When calcium ingestion is high, more calcium eventually finds its way inside 
the cells, largely through these channels. When you have increased amounts 
of magnesium coming into the body, many of these channels are blocked, or 
otherwise inhibited from facilitating calcium entry into the cytoplasm. 


Magnesium deficiencies have been 
found to be associated with just about 
every medical condition that has been 

examined in a scientifically sound manner. 


The Health-Promoting Impact of Magnesium Administration 


With all the health-promoting properties discussed elsewhere, and 
especially with its powerful effects on normalizing increased intracellular 
oxidative stress (IOS), magnesium is an ideal agent to add to any protocol to 
simply promote good healing. For all of the studies that have been done on 
magnesium, it is quite amazing that so few have investigated the direct 
effects of magnesium on the healing process. Many studies, on the other 
hand, demonstrate the positive effects of insulin on healing which provide a 


glimpse at magnesium’s healing properties as well. That’s because, in 
addition to its glucose-related metabolism function, insulin greatly facilitates 
the transfer/uptake of magnesium from the extracellular space into the 
intracellular space. Also, the numerous studies that have been done on 
magnesium and different diseases uniformly show that injuries, such as 
stroke due a loss of blood flow (ischemia), are reliably lessened by 
magnesium administration. Such studies are really only viewing cellular 
repair and healing from a different point of view. 

The relatively few healing-property studies found on magnesium 
unrelated to bone repair, show that magnesium accelerates and improves the 
quality of healing (and/or lessens the extent of injury). In rats, adding a 
magnesium solution to a wound dressing substantially accelerated healing, 
including improved collagen deposition and new blood vessel formation.'* In 
a randomized, double-blind, placebo-controlled trial, the postoperative 
quality of recovery, which in large part includes improved healing, was 
clearly enhanced by intravenous magnesium in patients undergoing 


outpatient mastectomy.!° 


...che numerous studies that have been 
done on magnesium and different 
diseases uniformly show that injuries, 
such as stroke due a loss of blood 
flow (ischemia), are reliably lessened 
by magnesium administration. 


Another randomized, double-blind, placebo-controlled trial with diabetic 
patients showed that the supplementation of magnesium and vitamin E 
significantly accelerated foot ulcer healing.'° A similarly conducted trial also 
showed that magnesium alone resulted in largely the same improvements in 
diabetic foot ulcer healing.!’ Since diabetics heal so poorly, magnesium’s 
ability to promote healing in these patients logically suggests that it would 
support healing in the non-diabetic to an even greater degree. And since 
magnesium can potentially normalize increased IOS in any cell in the body, 
there is every good reason to believe that magnesium would counter 
infections, neutralize toxic impact, and promote good healing everywhere in 


the body. 


Since diabetics heal so poorly, 
magnesium’s ability to promote healing 
in these patients logically suggests that 

it would support healing in the non- 
diabetic to an even greater degree. 


In an animal study, the local administration of magnesium promoted the 
healing of meniscal knee injuries. It was noted that the treated animals had 
enhanced tissue regeneration, less cartilage degeneration, and greater 
continued mechanical strength long after the repair. Additionally, it is 
extremely interesting that the magnesium appeared to enhance the 
recruitment and involvement of stem cells to the site of the lesion.'® While 
not yet extensively studied, this could prove to be another major reason for 
the positive impact of magnesium in both enhancing tissue healing as well as 
in the prevention of tissue damage. 


Calcium vs. Magnesium — The Antagonistic Relationship 


As a practical point, then, it appears that calcium and magnesium have 
mutually antagonistic roles in the body and in cellular metabolism. A lot of 
one will limit and drive down the amount of the other in the body, and vice- 
versa. While there are practical obstacles to optimizing magnesium levels in 
the body, the literature indicates that lowering the excesses of intracellular 
calcium is only achieved naturally by the assimilation of sufficient amounts 
of magnesium. 

Limitations on the degrees of excessive intracellular calcium 
concentration can also be achieved by the administration of prescription 
calcium channel blockers. In fact, the administration of such agents, 
especially in their long-acting forms, has also been shown to decrease all- 
cause mortality, a rare finding among prescription drugs. This clearly 
indicates again that the degree to which intracellular calcium elevations are 
increased is the single most critical factor currently known to determine how 


diseased a cell is.19-22 


For this reason, it is usually desirable for anyone with elevated blood 
pressure (hypertension) that cannot be maintained within the normal range by 
magnesium and other nutrient supplementation to include one of the three 
major classes of long-acting calcium channel blockers as at least one of their 
prescription medicines for blood pressure. And if the blood pressure can be 
controlled by such a prescription calcium antagonist as a monotherapy, all the 
better. 

However, a limited number of cell and animal studies indicate that the 
prescription calcium channel blockers can negatively impact sex hormone 
and thyroid status.***° While these hormones should always be monitored 
carefully and repeatedly over time to determine the need for addressing 
deficiencies, it would appear warranted to be even a bit more vigilant in 
following the hormone status on patients taking prescription calcium channel 
antagonists. And remember that magnesium as a calcium channel blocker is 
actually supportive of a normal thyroid and sex hormone status, further 
indicating that magnesium levels should first be optimized before relying 
completely on prescription calcium channel blockers to control blood 
pressure and other medical conditions. 


Just as increased calcium intake has been 
shown to increase all-cause mortality, the 
lower magnesium levels that typically 
accompany or result from a state of 
calcium excess have also been shown 
to be associated with that increase. 


Just as increased calcium intake has been shown to increase all-cause 
mortality, the lower magnesium levels that typically accompany or result 
from a state of calcium excess have also been shown to be associated with 
that increase. Furthermore, the lower the serum magnesium level, the greater 
the increase in all-cause mortality.2”79 It was noted that death from all causes 
jumped by 40% for those subjects with a serum magnesium concentration 
below 0.73 mmol/L. Such a concentration is found in about 25% of the 
population. 

Earlier investigators have suggested a normal range of serum magnesium 


levels to be between 0.75 and 1.0 mmol/L.°° However, since this range 
reflects magnesium levels for most of the population, this “reference range” 
includes significant deficiency states as well. A serum magnesium level of 
0.85 mmol/L would be a better starting point for a range less likely to be 
statistically associated with an actual state of magnesium deficiency.*! 

These magnesium levels reflect exactly what would be expected in light 
of the magnesium-calcium reciprocal relationship discussed elsewhere. 
However, significant trials looking at magnesium supplementation directly on 
all-cause mortality remain to be performed. Even so, it is reasonable to 
believe that increasing magnesium levels via supplementation would decrease 
all-cause mortality to the same degree that lowered levels increase it.’? 
Nevertheless, the more quality studies examining the relationship of calcium, 
magnesium, and all-cause mortality, the better. 

Although achieved by the intravenous administration of magnesium 
rather than oral supplementation, two studies stand out in demonstrating the 
importance of increasing magnesium levels in the body and decreased all- 
cause mortality. One study, performed in a double-blind randomized fashion, 
showed that a 24-hour infusion of magnesium sulfate preceded by a loading- 
dose injection in 2,316 suspected acute myocardial patients reduced cardiac 
mortality.’ This protocol also reduced all-cause mortality, in follow-up 
periods ranging between 1.0 to 5.5 years. A similarly impressive effect of 
decreasing all-cause mortality was seen in 194 consecutive acute myocardial 
infarction patients receiving a 48-hour infusion of magnesium sulfate. Again, 
the protective effect of the one-time magnesium infusion in decreasing the 
chances of dying from anything was seen after a mean follow-up period of 
4.8 years.°* These two studies by themselves should have changed the 
standard of care for acute myocardial infarction patients for the past two 
decades, but it has not changed. 


This protocol also reduced all- 
cause mortality, in follow-up periods 
ranging between 1.0 to 5.5 years. 


The Slow Advancement of Clinical Medicine 


Clinical medicine inches forward at an incredibly slow rate, when 
it advances at all. In the 34th edition (2014) of The Washington 
Manual of Medical Therapeutics, a guide very trusted and used by 
post-graduate medicine residents in training programs throughout the 
country, no mention at all is made of using magnesium in any 
capacity with patients presenting with chest pain and/or heart attack. 
Intravenous magnesium sulfate is only acknowledged in the manual 
as being of use as a “Second Line” therapy for asthma. 

Whenever you hear of a new and exciting medical advance in the 
news, don’t assume for a moment that it will be adopted promptly, or 
at all, in the routine treatment protocols. This is true even in our most 
reputable and famous hospitals and medical institutes throughout the 
country. Nevertheless, an important additional takeaway message 
from the two studies just cited is that one should never miss the 
Opportunity to have magnesium added to an intravenous infusion, 
whatever the reason for the infusion. This would apply even in 
patients with kidney disease, although greater care to give the most 
appropriate dose would be necessary in that patient subset, since 
toxicity is a concern with the combination of intravenous application 
and decreased elimination in the urine. 


The critical relationship between magnesium and calcium in the body is 


further highlighted by the effect of magnesium on areas in the body that have 
already developed hardened calcium deposits. Magnesium administration, 
typically oral, reliably appears to dissolve pre-existing calcium deposits while 
preventing new deposits from developing.*°?’ Lower serum magnesium 
levels, in conjunction with higher phosphorus and calcium levels, are 
associated with increased aortic valve calcification.” Another study showed 
a significant association between calcium plaque buildup in the arteries and 
veins in the extremities (peripheral vascular calcification) and lower serum 
magnesium levels.” Furthermore, this finding was observed independent of 


serum calcium and phosphate levels. 


Lower serum magnesium levels, in 
conjunction with higher phosphorus 
and calcium levels, are associated with 


increased aortic valve calcification. 


As the research already presented demonstrates, there is an inverse 
relationship between serum magnesium and serum calcium levels: as one 
increases, the other decreases and vice versa. Additionally, as serum 
magnesium decreases, a propensity toward increased calcification occurs. 
Consistent with this inverse calcium/magnesium relationship, a very recent 
study has demonstrated that a higher calcium/magnesium ratio was a 
significantly more accurate indicator of increased all-cause mortality than 
low serum magnesium alone.*? 

This finding provides a new way to help track propensities for 
calcification. Monitoring the calcium/magnesium ratio has the potential to 
make it much easier to determine calcification propensity and response to 
therapeutic interventions in the future. The opposite ratio (serum 
magnesium/calcium quotient) also appears to be a better indicator of 
magnesium status than the serum magnesium level alone. Emerging evidence 
suggests that a ratio of 0.4 is optimal, and 0.36 to 0.28 too low.*! 

Calcifications nearly always occur in the extracellular space. They do not 
generally occur inside the cell, since even an elevated intracellular level of 
calcium is much too low to allow for gross, large intracellular calcifications 
to occur. This is because extracellular calcium levels are as much as 10,000- 
fold more concentrated than intracellular calcium levels.* 

Conversely, roughly 99% of the magnesium in the body is found inside 
the cells, consistent with their roles as natural antagonists that these important 
minerals play.*? Even so, electron microscopic findings in animal studies 
have indicated some calcium deposition can occur inside the mitochondria 
and other intracellular organelles.4**” Consequently, it appears that 
increasing magnesium concentrations in both the extracellular and 
intracellular spaces are needed to optimize the ability of magnesium to inhibit 
the calcification process.*°49 Much scientific literature, including animal and 
cell studies, has demonstrated that magnesium is an effective inhibitor of 
calcification throughout the body.°?>? 

Because of this, it appears that getting magnesium well-absorbed into the 
blood as well as inside the cells of the body should be an optimal goal of 
magnesium supplementation. Quite possibly, this is achievable with a quality 


liposome-encapsulated form of magnesium taken orally, with or without 
other forms of magnesium. The impressive clinical effects of intravenous 
magnesium are probably due to the ability to get the blood and extracellular 
concentrations substantially higher than can be achieved with any of the 
regular oral supplementation forms of magnesium, which could then act to 
more effectively increase intracellular magnesium concentrations. Also, 
traditional oral forms of magnesium supplements tend to cause diarrhea well 
before the body/cell content of magnesium is optimal. 


Research shows that control/regulation 
of intracellular calcium metabolism also 
facilitates the ability of the body to 
neutralize significant toxic challenges. 


Research shows that control/regulation of intracellular calcium 
metabolism also facilitates the ability of the body to neutralize significant 
toxic challenges. All toxins exert their toxic effects by oxidizing 
biomolecules, or by causing them to be oxidized. Increased intracellular 
calcium concentrations are a primary mechanism by which toxins exert their 
toxic impact. It follows that lessening the intracellular calcium would be an 
effective strategy for lessening or blocking increased IOS completely. 

Consistent with this model, it has been shown that toxic methylmercury 
exposure results in the loss of intracellular calcium homeostasis 
(equilibrium), resulting in elevated intracellular calcium levels and increased 
IOS.°* Another potent toxin, formaldehyde, has been shown to increase 


intracellular calcium concentrations in exposed neurons.” 

When an intracellular deficiency of it can be corrected, magnesium will 
wield a powerful antidote effect against toxins because of its antagonist 
effects against the high calcium concentrations seen in all toxin-induced 
cellular damage. For example, magnesium has been shown to have 
neuroprotective effects against the toxicity inflicted by lipopolysaccharide (a 
potent toxin often released by gram-negative bacteria as they die off) and its 
release of inflammatory mediators.°° Even dose-related toxins such as 
glucose share the condition of increased IOS from excess calcium. Prolonged 
excess glucose levels (hyperglycemia) initiate the degeneration in the tiny 


blood vessels of the retina seen in diabetic retinopathy by increasing free 
calcium levels in the cytosol (the inner aqueous component) of the afflicted 


cells.” 


When an intracellular deficiency of it can 
be corrected, magnesium will wield a 
powerful antidote effect against toxins 
because of its antagonist effects against 
the high calcium concentrations seen 
in all toxin-induced cellular damage. 


The oxidative status of the affected cells in Alzheimer’s disease, 
Parkinson’s disease, and amyotrophic lateral sclerosis (ALS) have been 
examined, and they all demonstrate a dysregulation of calcium that results in 
high intracellular levels of calcium with the accompanying increased IOS.°* 
6! Much literature has documented the ability of antioxidants, especially 
vitamin C, to neutralize toxic damage by donating electrons to oxidized 
biomolecules, thereby restoring them to normal.°* Without being a direct 
antioxidant molecule, magnesium appears to minimize such oxidative 
damage by decreasing intracellular calcium levels in toxin-exposed cells. 

Since magnesium lowers intracellular calcium levels and decreases 
increased IOS, a clear anti-toxin effect can generally be anticipated clinically 
when enough magnesium can be taken up by the toxin-exposed cells and 
tissues. And because of the important role that increased intracellular calcium 
has in increasing IOS in the cytoplasm, it appears that combining magnesium 
with prescription calcium channel blockers amplifies this antitoxin effect. 
This combination has been reported to serve as an effective antidote for acute 
organophosphorus insecticide poisoning, a form of poisoning that has never 
responded well to traditional forms of treatment.°* 

Animal studies have also confirmed the positive protective/antidote 
effects of magnesium, alone or in combination with another agent, against 
toxin-induced oxidative stress and radiation-induced oxidative stress. 
Magnesium administration decreased the inflammation in a hydrochloric 


acid-induced acute lung injury in rats.® In rats inflicted with radiation- 


induced brain injury, magnesium sulfate administration not only appeared to 
clearly lessen the injury, postmortem analysis of the brain tissues indicated 
that there was a reduction in calcium overload that resulted from this 
treatment.°° In another rat study, magnesium sulfate clearly lessened the 
morbidity and even the mortality rate in animals given doxorubicin, a 
chemotherapeutic agent known to consistently have significant toxic side 
effects, especially against the heart.°” 


Additional studies have also demonstrated 
that toxin exposures not only increase 
intracellular calcium levels, they also rapidly 
deplete intracellular magnesium levels. 


If substantial doses of vitamin C were also added to such a combination, 
even better clinical results should be anticipated. While vitamin C, by itself, 
has had an extraordinary track record in the effective clinical treatment of a 
wide variety of poisonings and intoxications, it would appear that an even 
more optimal approach to a patient critically ill from a toxin exposure would 
be an infusion of vitamin C, magnesium, and a calcium channel antagonist. 
The vitamin C will neutralize the toxin directly as well as reduce poisoned 
(oxidized) biomolecules. At the same time, the magnesium and the 
prescription calcium channel blocker can rapidly decrease the elevated 
intracellular calcium seen in all poisonings, reducing the attendant elevated 
IOS that ultimately leads to greater cell morbidity and ultimately cell death 
when left unchecked. The addition of regular insulin and hydrocortisone to 
the treatment cocktail would further increase the intracellular levels of 
vitamin C while simultaneously increasing intracellular magnesium and 
decreasing intracellular calcium and elevated IOS. All or at least part of this 
treatment protocol should be the approach of poison control centers around 
the world. 


Multiple studies have now shown that 
magnesium supplementation reliably 
decreases the circulating levels of C-reactive 


protein (CRP), a substance that reflects the 
state of oxidative stress, or inflammation, 
present in the body at any point in time. 


Additional studies have also demonstrated that toxin exposures not only 
increase intracellular calcium levels, they also rapidly deplete intracellular 
magnesium levels.°*-°? The toxicity of acute cocaine administration in vitro 
also is quickly reflected in rises of intracellular free calcium levels in the 
cerebral vascular smooth muscle cells studied.’ As would be expected, 
magnesium administration is effective in bringing down elevated levels of 
calcium in the affected cells, largely or completely negating the impact of a 
given toxin on those cells.’4-”* In an animal study, magnesium was able to 
decrease toxic effects (oxidation) when taken at the same time as a known 
toxin.” 

Further confirmation of the critical role that magnesium plays in calcium 
metabolism comes from studies examining its effects on parameters of 
inflammation. Basically, inflammation only occurs where there is increased 
oxidative stress, and increased oxidative stress results in inflammation. 
Effectively, they are synonyms, at least in terms of their negative clinical 
impact. Multiple studies have now shown that magnesium supplementation 
reliably decreases the circulating levels of C-reactive protein (CRP), a 
substance that reflects the state of oxidative stress, or inflammation, present 
in the body at any point in time. Lowering intracellular calcium levels is 
essential in order to reduce increased oxidative stress body-wide.”476 
Magnesium sulfate infusions also consistently and significantly lowered 
serum levels of CRP and IL-6 (another inflammation marker) in post- 
operative patients.”” 

The importance of this magnesium-calcium relationship is further 
demonstrated by studies that look at the way intracellular levels of 
magnesium and of calcium respond to different positive and negative 
physiological factors. Magnesium deficiency, in both animal and in vitro 
studies, appears to cause inflammation through the mechanism of increasing 
intracellular calcium levels, which then initiates the inflammatory response.”® 
The disordered physiological processes (pathophysiology) involved in 
hypertension and states of increased vasoconstriction (as is seen in 


hypertension) consistently involve elevated intracellular calcium levels along 
with decreased intracellular magnesium levels. Intracellular potassium levels 
tend to also decrease in conjunction with the lowered intracellular magnesium 
levels.’?°° It has also been shown that the administration of agents that 
provoke vascular muscle constriction increase cytoplasmic calcium levels 
while decreasing cytoplasmic magnesium levels.°)® 

Platelets, which do not have nuclei but do contain cytoplasm, have also 
had their magnesium and calcium levels studied. In patients with normal 
blood pressure versus patients with hypertension who were either treated or 
untreated, similar patterns of increased calcium and decreased magnesium 
were seen when blood pressure was not controlled. As it came under control, 
these patterns were less pronounced.®* The same patterns were also found in 
red blood cells from patients with essential hypertension (a persistently high 
blood pressure without an evident cause).°* In the lymphocytes of 
hypertensive and normotensive rats, similar levels of calcium and magnesium 
were seen, and the supplementation of magnesium not only lowered blood 
pressures, but brought calcium levels down while raising magnesium 
levels.°°:°6 


RECAP 


Magnesium properties that reduce, or cause to be reduced, increased IOS: 


1. Serves as a calcium channel blocker, decreasing intracellular 
concentrations of calcium 

2. Serves as a calcium antagonist and calcium regulator 

3. Serves as an antitoxin by decreasing intracellular concentrations 
of calcium 

4. Primarily reduces insulin resistance, allowing insulin to better 
reduce intracellular oxidative stress by the further promotion of 
more magnesium entry into the cells, along with improved 
vitamin C cellular uptake 


Heart Health 


Magnesium and 
Cardiovascular Diseases 


Adequate magnesium intake is critical for maintaining normal vascular 
smooth muscle tone and blood pressure. It is also essential for preventing and 
mitigating the development of atherosclerosis leading to angina pectoris and 
myocardial infarction. Magnesium deficiency is an important factor in the 
origin or cause of many arrhythmias, as well as in the development of 
congestive heart failure.' It is now quite clear that serum magnesium is an 
unreliable indicator of intracellular magnesium levels, except when the serum 
magnesium has been very low for a long period of time. Even those with 
normal serum levels often have a significant overall magnesium deficiency. 
In fact, due to many exogenous factors, it has been suggested that the vast 
majority of people in the modern world run the risk of subclinical but 
substantial magnesium deficiency, warranting regular magnesium 
supplementation in nearly everyone at risk of heart disease and other chronic 


diseases.” 


Coronary Artery Disease 


A large number of studies have demonstrated that magnesium deficiency 
and low magnesium intake are consistently associated with an increased risk 
of coronary artery disease and atherosclerosis. It is also associated with the 
abnormal laboratory abnormalities seen in metabolic syndrome. Metabolic 


syndrome, which typically involves at least three of the following: 


Y abdominal obesity 

VY high blood pressure 

VY elevated triglycerides 

Y low HDL lipoproteins 

v» elevated fasting glucose levels 


is very strongly associated with an increased risk of heart disease and 
diabetes, as well as increased all-cause mortality.? A large meta-analysis (a 
Statistical analysis of multiple studies) concluded that low dietary intake of 
magnesium increased the incidence of metabolic syndrome, and that higher 
intakes lessened the incidence.* Randomized, double-blind clinical trials have 
shown that magnesium supplementation is effective in the treatment of 
metabolic syndrome.” 

A chronically low serum magnesium level, which reliably indicates body- 
wide magnesium depletion, is associated with an increased risk of death due 
to coronary artery disease.°’ Higher dietary intake of magnesium was 
associated with a reduced cardiovascular mortality in a large Japanese study.® 
A similar result was seen in a study on Hawaiian adults over a 30-year 
follow-up period.’ 

Coronary artery calcification has long been established to correlate with 
an increased risk of heart attack. These calcification scores have also been 
correlated with all-cause mortality, or chance of death from any disease or 
medical condition. An elevated calcium-magnesium ratio in the hair has also 
been associated with coronary artery calcification in an adult group of 
patients.'° All of this is consistent with the studies showing that increased 
calcium intake increases all-cause mortality, while increased magnesium 
intake would be expected to decrease all-cause mortality. 


A large number of studies have 
demonstrated that magnesium deficiency 
and low magnesium intake are consistently 
associated with an increased risk of 
coronary artery disease and atherosclerosis. 


Myocardial infarction, the most significant manifestation of advanced 
coronary artery disease for many individuals, also appears to be associated 
with, or partially provoked by, depressed serum magnesium levels. One study 
found decidedly lower serum magnesium levels in myocardial infarction 
patients compared to normal controls.'! Although there has been some debate 
over its benefits in myocardial infarction patients, two significant studies 
demonstrated that a prolonged infusion of magnesium sulfate in the coronary 
care unit provided both short-term and long-term benefit. In each case, the 
infusion was started immediately after diagnosis or coincident with the 
treatment to re-establish blood flow (reperfusion) to the areas deprived 
because of the heart attack. This therapy appears to substantially reduce all- 
cause mortality for up to five years following the treatment.!*!° Other similar 
studies not demonstrating this positive outcome possibly did not infuse 
magnesium soon enough, or a conclusion of no benefit in mortality reduction 
was inappropriately concluded because the study period only extended for 30 


days after treatment.!*+!° 


Arrhythmias 


Arrhythmias are heart conditions in which the heartbeat is irregular, too 
fast, or too slow. Combinations of these three characteristics also occur. 
Many of the most common arrhythmias are associated with low magnesium 
levels and a large percentage of arrhythmia patients even have documented 
intracellular magnesium deficiencies.!’ Not surprisingly, such individuals 
have been shown to have positive clinical responses to magnesium 
administration. The upper heart chamber arrhythmias are some of the most 
common of all, often starting as isolated early atrial beats (premature atrial 
contractions). When left unaddressed, many individuals with these irregular 
beats progress to intermittent and even sustained rapid heart rhythms 
(tachycardias). These rapid rates are either regular in nature (supraventricular 
or atrial tachycardia) or highly irregular and even chaotic in nature (atrial 
fibrillation). Many clinicians have been effectively preventing and treating 
these arrhythmias with magnesium for many years.'® The incidence of 
premature contractions, of both ventricular and supraventricular origin, have 
been clearly lessened by the oral administration of magnesium over a 30-day 


period.!9 

Postoperative cardiac patients of ten have arrhythmias; preventing and/or 
controlling them is an important therapeutic objective. In a meta-analysis of 
seventeen clinical trials with a total of 2,069 patients, magnesium 
administration pre-cardiac surgery resulted in a dramatic lessening of 
postoperative cardiac arrhythmias. Supraventricular arrhythmias were down 
23%, atrial fibrillation in particular by 29%, and ventricular arrhythmias by 


48%,?9 


Many clinicians have been effectively 
preventing and treating these arrhythmias 
with magnesium for many years. 


Another meta-analysis of five trials with a total of 348 pediatric heart 
surgery patients compared the preventive capacity of magnesium 
supplementation with placebo administration on the incidence of 
postoperative arrhythmias. There was an overall 66% reduction of arrhythmia 
incidence in the magnesium group.*! A larger meta-analysis of twenty-two 
studies compared patients taking magnesium with patients taking a placebo. 
It concluded that the magnesium takers had a significantly lower incidence of 
both supraventricular and ventricular arrhythmias after surgery to bypass 
obstructed coronary blood vessels (cardiac revascularization surgery).** An 
even larger meta-analysis of thirty-five studies found magnesium 
administration significantly reduced the incidence of atrial fibrillation 
following cardiac surgery.*° 

Another recent study also showed that a substantial oral dose of 
magnesium was as effective as an intravenous administration of magnesium 
in preventing postoperative arrhythmias after coronary bypass surgery.** 


There was an overall 66% 
reduction of arrhythmia incidence 
in the magnesium group. 


Ventricular tachycardia is an especially worrisome arrhythmia putting the 
patient at a significant risk of sudden death. In one especially dangerous form 
of this arrhythmia known as torsades de pointes, the repolarization period of 
the myocardial cells (the QT interval), following heart contraction is 
prolonged (see Figure 3.1). When this occurs the ventricular tachycardia 
often degenerates into ventricular fibrillation, which rapidly proceeds to 
cardiac arrest and death. In a case report of a patient who took cocaine and 
methadone and presented with low potassium and magnesium levels and a 
critically unresponsive case of torsades de pointes, magnesium replacement 
played a major role in resolving the arrhythmia.” QT interval prolongation, 
sometimes leading to ventricular tachycardia, is recognized as one of the 
most dangerous cardiovascular toxic effects of a number of anticancer drugs, 
and the recommended treatment for it is the infusion of magnesium. If not 
resolved promptly, electrical cardioversion is also indicated. The other 
common cardiovascular toxicities from chemotherapy also occur in the 
presence of lowered magnesium levels, most likely as the consequence of the 
magnesium deficiency itself. These toxicity-related outcomes include 
arrhythmias, coronary artery disease, stroke, hypertension, thrombosis, and 
heart failure.7© 


Figure 3.1: the QT Interval 


Complex ventricular arrhythmias are often seen in heart failure, typically 
occurring in the presence of low magnesium levels. In 68 patients who were 
able to complete the study protocol, magnesium supplementation was very 
effective in significantly alleviating and even abolishing the ventricular 


arrhythmias seen in these heart failure patients.” 


Congestive Heart Failure 


Low serum magnesium levels are often seen in congestive heart failure, 
and such lower levels have been independently shown to increase the risk of 
this condition.*°°° Impaired relaxation of the heart muscle after contraction 
(diastolic dysfunction) is consistently seen in established heart failure, and it 
is also a consistent feature of the pathophysiology leading to it. Along with 


many other cardiovascular disease risk factors, diastolic dysfunction has an 
inverse relationship to serum magnesium — dysfunction increases as the 
serum levels decrease?! Magnesium supplementation in diabetic mice 
prevented the otherwise anticipated diastolic dysfunction from developing, 
while also improving mitochondrial function and reducing increased 
intracellular oxidative stress (increased IOS).°* 


QT interval prolongation, sometimes leading 
to ventricular tachycardia, is recognized as 
one of the most dangerous cardiovascular 
toxic effects of a number of anticancer 
drugs, and the recommended treatment 
for it is the infusion of magnesium. 


Logically, restoring magnesium levels to normal or near-normal would be 
expected to prevent or slow the development of heart failure, since low levels 
are consistently associated with it. Left ventricular function relates to the 
ability of the heart to contract with normal force, which is the primary defect 
in heart failure. One study examined left ventricular function and the effect of 
supplementation of a wide array of nutrient agents, including magnesium, 
administered in a double-blind fashion over a nine-month period. Statistically 
significant increases in the ejection fraction with significant decreases in left 
ventricular size were seen. Significant improvement in quality-of-life scores 
were seen as well.*? However, since less than 1% of the body’s magnesium 
resides in the blood, serum magnesium levels are not a reliable measurement 
of overall magnesium status. Normal serum levels often coexist with depleted 
intracellular magnesium levels. Chronically low serum magnesium levels will 
reliably reflect low cellular levels, but normal serum magnesium levels might 
not, especially when present for a shorter period of time, and in the absence 
of magnesium supplementation. Unlike many water-soluble agents, body- 
wide magnesium levels can increase or become depleted without being 
reflected in serum levels, at least in the short-term. Normal serum magnesium 
levels should never deter the clinician from supplementing the heart failure 


patient with magnesium.°* 


Another study was able to demonstrate 
that increasing dietary magnesium 
intake was significantly associated with 
a reduced risk of heart failure, as well as 
stroke, diabetes, and all-cause mortality. 


This really applies to magnesium supplementation in all patients with any 
chronic disease, but it is especially important in the heart failure patient who, 
due to diuretic treatment, is likely depleted of magnesium to an even greater 
degree. 

Along with lowered intracellular magnesium levels, chronic heart failure 
patients commonly have a decreased heart rate variability. Heart rate 
variability is the amount by which the heart rate varies from beat to beat. A 
normal heart rate variability is generally reflective of a healthier heart capable 
of responding more promptly to a variety of external stresses. Magnesium 
supplementation in a group of heart failure patients compared to heart failure 
patients who did not receive magnesium resulted in increased serum and 
intracellular magnesium levels, along with a clear improvement in heart rate 
variability parameters.°° Another study was able to demonstrate that 
increasing dietary magnesium intake was significantly associated with a 
reduced risk of heart failure, as well as stroke, diabetes, and all-cause 
mortality.°° 

The traditional drug therapy for congestive heart failure, especially in its 
more advanced stages with significant edema (swelling) of the feet and 
ankles due to fluid accumulation, virtually always involves diuretic 
administration, usually on a daily basis. Most diuretics cause the significant 
loss of magnesium and potassium in the increased urine output. 


AN EXTREMELY IMPORTANT 
POINT TO REMEMBER 


In the clinical management of heart failure patients, the use of 
diuretics in the treatment actually exacerbates the problem. One of the 
significant causes of aggravating and sustaining the heart failure is 
low blood and intracellular levels of magnesium. In heart failure 


patients on long-term diuretic administration, skeletal muscle biopsies 
revealed that cellular magnesium content was below normal in 
roughly two-thirds of these individuals.°” 

Without very vigorous magnesium replacement, then, very few 
heart failure patients would even have the possibility of any 
significant reversal in their conditions. Heart failure is basically 
accepted as a condition that optimally can be stabilized, but no 
significant long-term improvement is ever anticipated. In a situation 
that calls for robust doses of magnesium, widely accepted, “standard” 
protocols generally require daily diuretic administration with no 
attempt to replace the diuretic-induced magnesium loss. In light of 
this loss, reasonable clinical stabilization is pretty much the only 
realistic outcome for heart failure patients when treated by “standard” 


protocols.38-40 


Vasoconstriction 


Coronary artery spasm, an acute and often focal vasoconstriction of that 


blood vessel, can occur where there are obvious atherosclerotic narrowings or 
when an angiogram (a radiographic picture of blood vessels) indicates lesion- 
free coronary arteries. At times, it can be severe enough to completely block 
off such a normal-appearing artery to the point of causing a myocardial 
infarction before relenting. Baseline low-grade vasoconstriction is often 
present in those arteries that go into acute spasm, similar to the pathology 
chronically seen with elevated blood pressures (hypertension) throughout the 


arterial system. 


The treatment and prevention of 
coronary artery spasm with magnesium 
has also produced consistent and 
dramatically positive outcomes. 


Increased intracellular calcium levels in the muscle cells of an artery with 


increased vascular tone are consistently seen, and these vessels tend to keep 


this elevated muscle tone as long as the underlying cytosolic calcium levels 
remain elevated. Furthermore, other provocative factors can acutely escalate 
this elevated tone, resulting in spasm or substantial further vasoconstriction. 
On the other hand, measures that can decrease cytoplasmic calcium levels in 
vascular muscle cells can normalize vascular tone, and even cause vascular 
relaxation, or vasodilation, when these levels are sufficiently lowered. 

Magnesium deficiency has been established as an important factor that 
facilitates and causes coronary artery spasm.*! Coronary artery spasm can 
occur following coronary bypass surgery, and significantly low magnesium 
levels were seen in nearly 90% of the patients following such surgery in one 
study. The authors in this study reported that correcting the magnesium levels 
during and after subsequent bypass surgeries eliminated the occurrence of 
coronary artery spasm.** 

The treatment and prevention of coronary artery spasm with magnesium 
has also produced consistent and dramatically positive outcomes. During the 
angiography of patients diagnosed with coronary spasm-related angina, 
coronary artery spasm was induced with an infusion of acetylcholine directly 
into the coronary artery. After the spasm subsided, magnesium was infused 
into the coronary artery, and the acetylcholine challenge was repeated. A 
clear alleviation of the degree of spasm was seen in 10 of 14 patients, with 
none of 8 control patients showing alleviation from a placebo infusion of 
isotonic intracoronary glucose.** Another study that examined 15 patients 
with vasospastic angina reported that 41 episodes of spasm-related chest pain 
were promptly relieved by a dose of magnesium administered 
intravenously.** 

Magnesium administration for vasospastic angina, or for most other 
conditions clearly caused or aggravated by a deficiency of magnesium, 
should not be based solely on the normalcy of serum magnesium levels. As 
more than 99% of the magnesium content of the body is inside the cells, 
“normal” serum magnesium levels are not assurances that intracellular levels 
are normal. Certainly, a chronic and significantly depressed serum 
magnesium will indicate a body-wide deficiency of magnesium most of the 
time. However, a normal serum magnesium level cannot be regarded as a 
clear-cut indication of a normal intracellular magnesium level, or a normal 
body-wide content of magnesium.*° 

In a study that examined red blood cell levels of magnesium in patients 


with vasospastic angina versus normal controls, substantially lower cellular 
magnesium levels were seen in the patients with frequent episodes of angina 
versus those that had no episodes. And the normal group had higher cell 
levels of magnesium. Yet no significant difference was seen between the 


groups with regard to serum magnesium levels.*° 


Figure 3.2: the ST Interval 


A case report documented similarly impressive findings, with a 51-year- 
old man with vasospastic angina and ST segment elevation on 
electrocardiogram responding well to an infusion of magnesium sulfate. An 
ST segment elevation is a section on an electrocardiogram (see Figure 3,2) 
that indicates an acute current of injury that proceeds to myocardial infarction 
if not promptly relieved. The patient’s red blood cell magnesium levels were 
documented to be low. Ergonovine, a spasm-causing agent, could not 


provoke any new spasm via intracoronary infusion after the magnesium had 
been infused. Of note, high doses of prescription calcium channel blockers 
and nitrates were not able to relieve the spasm, even though they are able to 
relieve the increased muscle tone seen in hypertension. This indicates that 
when intracellular magnesium levels are severely depressed, it is not enough 
to just block the pro-vasoconstriction effects of new calcium entering the cell. 
Rather, magnesium must be supplied to the cell as well to relieve the more 


advanced vasoconstrictive state of spasm.*” 


Two cases were described where 
aggressive treatment with calcium 
channel blockers failed to help at all, 
but a dramatic relief of symptoms was 
achieved with intravenous magnesium. 


Localized areas of vasoconstriction like coronary artery spasm can occur 
elsewhere, and the pathophysiology behind it is basically the same. A 
condition known as reversible cerebral vasoconstriction syndrome, 
sometimes accompanied by a low serum magnesium level, can present with 
refractory (unresponsive to treatment) headache, persistent vasospasm, and 
some subarachnoid hemorrhage (bleeding into the subarachnoid space of the 
brain).42*9 Two cases were described where aggressive treatment with 
calcium channel blockers failed to help at all, but a dramatic relief of 
symptoms was achieved with intravenous magnesium. As noted elsewhere, 
when intracellular magnesium levels are very low, magnesium is the only 
reliable agent to relieve the vasoconstriction. Once the levels have been 
raised a bit, calcium channel blockers can then afford additional relief as well 


as prophylaxis against future episodes of vascular spasm.°? 


Hypertension (High Blood Pressure) 


Hypertension along with blood pressures that are slightly elevated but not 
yet within the parameters of defined hypertension (prehypertension) is 
extremely common, with over a billion people affected by it worldwide and 


an incredible two-thirds of the American population being affected.°! For 


long-term treatment and control of hypertension, magnesium has not proven 
to be a good monotherapy for optimal blood pressure control, although some 
consistent lowering of both systolic and diastolic blood pressures is seen with 
regular supplementation. Also, greater intake has resulted in an improved 
blood pressure-lowering effect.°* 

Essential hypertension, a common form of body-wide high blood pressure 
that is generally chronic in nature and lacks an evident cause, is another 
arterial vasoconstriction syndrome. It is marked by increased cytosolic levels 
of calcium in the arteries, as it is the common pathological denominator in all 
cases of hypertension, which is why magnesium has such a powerful anti- 
hypertensive impact when sufficiently-dosed. Calcium channel blocker 
treatment is very effective in most cases of hypertension, including essential 
hypertension, as intracellular calcium levels are brought down and 
intracellular magnesium levels rise.”? One large meta-analysis found that a 
greater dietary intake of magnesium lessened the risk of hypertension, and 
another meta-analysis found that higher magnesium levels correlated with a 
lower incidence of it.°+°° 

Magnesium has also been shown to play a significant role in modulating a 
number of the risk factors for hypertension. Prostacyclin and nitric oxide help 
open blood vessels (vasodilators) and thereby lower the internal pressure in 
blood vessels. Magnesium potentiates (makes more active and/or effective) 
these natural vasodilators. A deficiency of magnesium exacerbates the 
vascular inflammatory response, while decreasing the expression and activity 
of multiple important antioxidants. And magnesium is also essential for 
maintaining the elasticity and structural integrity of the blood vessels.°° 

Consistent with these observations, syndromes that involve spontaneous 
muscular contractions are often attributable to significant deficiencies of 
magnesium, and they typically respond well to magnesium therapy.?”~°? 

Hypertensive patients were shown to have significantly lower levels of 
magnesium inside the lymphocytes versus a control group. Of note, there 
were no significant differences between these two groups in either plasma 
magnesium levels or the levels of free magnesium inside platelets. While the 
levels of free magnesium within platelets (effectively cell fragments) provide 
a better reflection of total body magnesium than just the plasma levels, it still 
falls short of consistently and accurately reflecting how much magnesium is 
contained in the entirety of the intact cells throughout the body. A relatively 


small amount of intracellular magnesium (about 5%) is free, and the rest is 
bound or contained in the intracellular organelles (especially the 
mitochondria), serving as a buffer to replenish cytosolic depletion of 
magnesium.°° 


Magnesium has also been shown to play 
a significant role in modulating a number 
of the risk factors for hypertension. 


Essentially, then, this suggests that the most accurate indicator of total 
body magnesium depletion is to be found when measuring the entirety of the 
cellular content of magnesium and not just what is free in the cytoplasm of 
cell fragments like platelets. In this study, even though the free magnesium 
levels in the intracellular space of the lymphocytes was not lower than that 
seen inside the platelets, the total magnesium content of the lymphocytes was 
significantly lower in the hypertensive patients.°! 

Measurements of the total body stores of magnesium generally use one of 
three methods. Their relative accuracy, in descending order, is as follows: 


Y Total cell content (most accurate) 
Y Cytosolic or free intracellular levels 
Y Serum level (least accurate) 


When the serum level of magnesium is consistently very low over a 
prolonged period of time, body-wide depletion can be implied most of the 
time. But when serum magnesium levels are in the “normal” or reference 
range, substantial deficiencies of total magnesium content can still exist 
inside the cells, and frequently do. 

The reason normal cytosolic magnesium levels often fail to reflect the 
actual body-wide magnesium status is that the intracellular space can “leach” 
magnesium from the intracellular organelles. This “stolen” magnesium 
maintains the appearance of a normal level and will do so until the “buffers” 
in these organelles become significantly depleted. Therefore, when 
cytoplasmic magnesium levels are low, the total cell magnesium content is 
always depressed and always indicates a body-wide depletion. But, when free 


magnesium levels in the cytoplasm are “normal” a body-wide deficiency can 
still be present.°? 


But when serum magnesium levels 
are in the “normal” or reference 
range, substantial deficiencies of total 
magnesium content can still exist 
inside the cells, and frequently do. 


The reality that serum magnesium readings can fail to detect magnesium 
deficiencies was demonstrated by a study on cancer patients being treated 
with cisplatin. This chemotherapy drug has substantial toxicity and generally 
increases urinary excretion of magnesium. In order to track magnesium 
status, serum levels were measured and skeletal muscle biopsies were 
examined for total magnesium content. While a significant lowering of total 
magnesium content was seen in the muscles, serum magnesium levels failed 
to register this depletion until total body stores reached a more critical level 
of deficiency. The total quantity of magnesium in the plasma is only roughly 
0.3% of total body magnesium while the majority of magnesium content is in 
the bone. However, the skeletal muscles hold about 30% of the total 
magnesium in the body, and therefore it provides an important magnesium 
reservoir/buffer for the blood.°? 

One cell study found that the mitochondria serve as a major site of 
magnesium stores in the cell, and the mitochondria appear to serve very 
effectively in releasing magnesium into the cytoplasm when circumstances 
require it.°* Basically, then, for serum magnesium levels to be reflective of 
body magnesium content, the level (low or very low) must have been present 
for an extended period of time. A normal serum magnesium level can be 
sustained for a very long period of time in the face of significant body-wide 
depletion. 


A normal serum magnesium level can be 
sustained for a very long period of time in 
the face of significant body-wide depletion. 


Hypertension also complicates roughly 10% of pregnancies worldwide. 
When the condition is severe enough to result in protein spilling in the urine 
or other evidence of organ damage, a condition known as preeclampsia has 
evolved. And when seizures develop in a pregnant woman with preeclampsia, 
the diagnosis of eclampsia is then applied. Regardless of the stage of the 
disease, however, the underlying pathology of low intracellular magnesium 
and elevated intracellular calcium is present. This pathology causes increased 
vascular tone eventually leading to significant vasoconstriction. In its 
pathological expression, eclampsia is very similar to reversible cerebral 
vasoconstriction syndrome. And the effect of magnesium on eclampsia and 
preeclampsia is similarly effective. 

In postpartum women, it was shown that intravenous magnesium was 
more effective for preventing preeclampsia from evolving into eclampsia 
with seizure activity than a prescription calcium channel blocker that had 
specific cerebral vasodilator activity.°° Although it is not feasible for the 
daily treatment of regular chronic hypertension, it is likely that intravenous 
magnesium would offer superior blood pressure control over any other anti- 
hypertensives. 

In conjunction with its vasodilating, anti-hypertensive effects, magnesium 
has a marked anti-adrenergic (similar to a beta-blocker) effect further 
facilitating its ability to lower blood pressures. This means that magnesium 
helps to suppress catecholamine release from the adrenal medulla, which 
serves to acutely increase the blood pressure seen in high-stress, “fight-or- 
flight” situations. Interestingly, calcium, to which magnesium serves as an 
antagonist in multiple settings, works in opposite fashion to stimulate 


catecholamine release as its levels increase in the adrenal medulla cells.°°®” 


Vascular Thrombosis 


Vascular thrombosis, or blood clots forming in the blood vessels, is 
another condition where low magnesium levels play a key role.® It also tends 
to occur more in a setting of preexisting vascular disease rather than an 
isolated phenomenon. A low serum magnesium level is independently 
associated with the risk of thrombosis and other major adverse cardiac events 


following coronary stent implantation.°?-’° Stent coatings that incorporate 


magnesium alloy reduce this blood-clotting tendency as well.”! 


Inflammation is both pro-atherogenic (stimulates the development of fatty 
plaques in the blood vessels) as well as supportive of an increased risk of 
blood clotting. It is increased IOS that ultimately triggers the inflammatory 
response. Because magnesium is a natural calcium antagonist, it also serves 
as a natural anti-inflammatory agent since it helps to lower the elevated 
intracellular calcium levels that cause the increased IOS.” 

Low magnesium levels also promote endothelial cell dysfunction, which 
is another important factor in setting the stage for inflammation, 
atherosclerosis, and thrombosis.” Endothelial cells in culture demonstrated 
an enhanced synthesis of nitric oxide with higher magnesium levels, a factor 
that would make increased blood coagulability (tendency to clot) and 
thrombosis less likely to occur.’*”° In an animal study magnesium sulfate 
administration demonstrated clear antithrombotic activity in vivo.”° In animal 
studies where thrombosis was deliberately caused, intravenous magnesium 
demonstrated an ability to significantly reduce blood clot size. It also 
appeared that this effect occurred without compromising the normal flow of 
blood (hemostasis) or causing an increased bleeding tendency.’””® This is 
consistent with the idea that magnesium helps to stabilize hemostasis in the 
body, making both a hypercoagulable state or a bleeding tendency state to 
proceed towards normalization. 

In a study on stable coronary artery disease patients, oral magnesium 
administration was found to inhibit platelet thrombosis by 35%. This effect 
appeared to be independent of platelet clumping and activation. Furthermore, 
the inhibitory effect was additive to the effect of aspirin.’?°° This finding was 
consistent with another study that showed low intracellular magnesium levels 


promoted platelet thrombosis in patients with coronary artery disease.°! 


Insulin’s Powerful 
Partner 


Magnesium and Diabetes Mellitus 


Metabolically and pathophysiologically, diabetes, coronary artery disease, 
and hypertension are closely related, each one serving as a risk factor for the 
others, and with all three conditions often occurring together in many 
patients. A majority of diabetic patients have hypertension, and the 
development of hypertension often coincides with the appearance of 
hyperglycemia.!2 

Furthermore, the major cause of ill health and death in diabetes is 
cardiovascular disease, which is worsened by hypertension. All three diseases 
share multiple risk factors, including endothelial dysfunction and vascular 
inflammation.’ Many of the signs of metabolic syndrome (abdominal obesity, 
increased triglyceride and blood sugar levels, hypertension, low HDL 
lipoproteins) are shared in these three conditions as well. Lower magnesium 
levels, in both the serum and inside the cells, are associated with an increased 
prevalence of metabolic syndrome and diabetes.*° On the other hand, oral 
magnesium supplementation has been shown to improve metabolic syndrome 
specifically by lowering blood pressure, glucose levels, and triglycerides.°® 
Magnesium deficiency is a major factor in both setting the stage for diabetes 
as well as in making it more difficult to effectively manage. In fact, low 
magnesium levels appear to be a direct cause of insulin resistance. So it is 
very likely that magnesium replacement is as important or even more 


important than simply increasing insulin dose for optimal longterm blood 
sugar control. In a large prospective study, a low magnesium level was 
shown to be independently associated with an increased risk of developing 
diabetes in women.’ Low magnesium levels, along with low phosphate 
levels, also appeared to significantly correlate with abnormal nerve 
conduction in diabetic patients. This finding is consistent with the peripheral 
neuropathy often seen in these patients.® 


In fact, low magnesium levels appear to 
be a direct cause of insulin resistance. 


Conversely, magnesium supplementation and even high dietary intake of 
magnesium were shown to decrease the array of cardiovascular risk factors 
typically seen in diabetics. These risk factor improvements include enhanced 
insulin-mediated glucose uptake.?-'* High dietary intake of magnesium also 
appeared to decrease the risk of diabetes in a Japanese communityt? and in a 
pooled analysis of three U.S. cohort studies.'* Similarly, a higher dietary 
magnesium intake is also associated with a lower prevalence of coronary 
heart disease in diabetic patients.!° An animal study showed that magnesium 
not only decreased insulin resistance, it also increased the numbers of insulin 
receptors and glucose transporters. These are all factors that would strongly 
promote optimal insulin function.!©!® 

A vicious cycle of intracellular magnesium deficiency increasing insulin 
resistance, and of insulin resistance causing magnesium deficiency is present 
in many diabetics.'%7° As a rule, a positive clinical response in treating many 
diabetics is optimized when a magnesium deficiency is properly addressed 
before just increasing insulin dose.*! Much of the time, when this deficit is 
properly corrected, little to no change in insulin dose is necessary, and 
sometimes optimal glucose control is achieved with an even lower insulin 
dose. 

In studies on the magnesium content in platelets in diabetic children, it 
was found that insulin clearly increased platelet magnesium levels. However, 
it was also shown that the magnesium content in the platelets of diabetic 
children who were substantially insulin-resistant would initially drop, further 


supporting the idea that decreased intracellular magnesium content underlies 
the initial biochemical pathophysiology leading to insulin resistance.**~° 
Regardless, magnesium supplementation should be an integral part of the 
treatment protocol for just about any diabetic patient of any age. Chronically 
lower magnesium levels clearly promote insulin resistance, and persistent 
supplementation clearly raises both serum and intracellular magnesium levels 
in diabetics.*4 


A vicious cycle of intracellular magnesium 
deficiency increasing insulin resistance, and 
of insulin resistance causing magnesium 
deficiency is present in many diabetics. 


Gestational diabetes, where non-diabetic 
women develop elevated blood sugars 
during pregnancy, is characterized by 

significant depletions of both extracellular 
as well as intracellular magnesium. 


An additional aspect of this magnesium-insulin-glucose relationship is 
that insulin and glucose have opposite mediating or regulating effects on free 
intracellular magnesium levels. Research with human lymphocytes clearly 
demonstrates that insulin increases intracellular magnesium, while glucose 
decreases it. By implication, independent of its own ability to increase 
cellular magnesium, insulin further enhances cellular magnesium levels by 
decreasing magnesium-suppressing glucose.*° 

Gestational diabetes, where non-diabetic women develop elevated blood 
sugars during pregnancy, is characterized by significant depletions of both 
extracellular as well as intracellular magnesium, as reflected in the blood and 
inside the red blood cells. In one investigation, non-pregnant women had the 
best total magnesium levels, normal pregnant women had less, and pregnant 
women with gestational diabetes had the least. Also, the women with 
gestational diabetes had substantially lower intracellular magnesium levels 


than either the non-pregnant or the normal pregnant women.*° In another 
study, supplementation with magnesium in tandem with vitamin E 
significantly improved glucose control and blood lipids in women with 
gestational diabetes.” 

Just as insulin increases magnesium levels inside the cells, magnesium 
also plays an important role in the regulation of insulin secretion from the 
pancreatic beta cells. Additionally, it primes the insulin receptors for optimal 
binding with insulin.?®?9 Magnesium supplementation has been shown to 
improve the ability of the pancreatic beta cells to supply insulin as needed in 
non-diabetic individuals.°° Similarly, in non-diabetic individuals, low 
magnesium levels have been shown to suppress insulin secretion.°*! 
Consistent with these findings, diabetic patients who have low magnesium 
levels demonstrate a more rapid progression of their disease, along with an 
increased risk of the various complications seen in diabetes.°* 


Consistent with these findings, diabetic 
patients who have low magnesium 
levels demonstrate a more rapid 
progression of their disease, along 
with an increased risk of the various 
complications seen in diabetes. 


Mind and Mood 
Manager 


Magnesium and 
Neurological Diseases 


In the nervous system, magnesium serves a vital role in optimizing nerve 
conduction and in neuromuscular coordination. It also helps to protect from 
neuronal over-stimulation (excitotoxicity) that leads to increased neurological 
pathology and cell death.' Consistent with these effects, magnesium 
deficiencies have been identified in multiple neurological diseases, and 
magnesium administration has generally proven to be a positive intervention 
in lessening the pathology of these diseases.? 


Depression and Anxiety 


Statistically, depression accounts for roughly 40% of neuropsychiatric 
disorders in the United States. Anxiety is often seen as an accompanying 
condition to depression, and is considered by many as features of the same 
clinical syndrome.? In both animal model studies and human studies, a 
magnesium deficiency has been linked to anxiety and depression, both 
separately and as a single clinical entity.4 1 

Consistent with the association between magnesium deficiency and the 
syndrome of anxiety/depression, magnesium supplementation has 
consistently been shown to positively impact this condition. A randomized 


controlled trial of magnesium supplementation in the treatment of depression 
showed clear benefit in adults with mild-to-moderate depression.'* Another 
double-blind, placebo-controlled trial of magnesium supplementation in 
depressed patients with low serum magnesium levels also showed clear 
benefit not only in depression status but also in the improvement of those 
depressed serum magnesium levels. 1 

Some patients with clinical depression become classified as treatment- 
resistant when they do not respond in a significantly positive way to 
prescription drugs given for this condition. Even in this subset of patients 
who are extremely unresponsive to management by traditional approaches, 
magnesium has proven to be of significant benefit. This has been 
demonstrated in treatment-resistant depression in both an established animal 


model as well as in patients. 14-15 

Magnesium supplementation has also been shown to clearly augment the 
benefits of traditional agents for the treatment of depression, sometimes in a 
synergistic rather than just additive fashion.‘°!’ Furthermore, magnesium in 
combination with certain natural, non-prescription agents has also shown 
added benefits to that of magnesium alone.18-19 

Other medical syndromes that are associated with magnesium deficiency 
also have associated depression, anxiety, or both. In a group of pediatric 
migraine patients treated over a six-month period with magnesium as a 
preventative measure, less migraine attacks along with fewer symptoms 
related to anxiety and depression were seen.” Depression in post-stroke 
patients occurs commonly and both conditions are strongly associated with 


low serum magnesium levels.” 


Consistent with the association between 
magnesium deficiency and the syndrome 
of anxiety/depression, magnesium 
supplementation has consistently been 
shown to positively impact this condition. 


Two other conditions, postpartum depression and preeclampsia, also 
appear to be often associated, with both frequently responding to magnesium 


supplementation.2* Addiction is a state that appears to be related to 
magnesium deficiency and responsive to magnesium supplementation, and 
both anxiety and depression appear to be regularly associated with addiction 
and the factors leading to it.” 

Insomnia often coexists with depression and anxiety. A large meta- 
analysis showed that insomnia is significantly associated with an increased 
risk of depression.** Another meta-analysis that looked at insomnia 
treatments indicated that an effective impact on insomnia often resulted in a 
lessening of depression that was present in those patients as well. Alleviating 
insomnia appeared to mediate a later remission from depression.*”*° And 
alleviating anxiety and depression appears to lessen insomnia and related 
symptoms.’ 

Whether one condition actually causes another is not clear. A common 
provocative factor, like decreased body stores of magnesium, would seem 
more likely to be the main link between these three conditions. Regardless, 
just as in anxiety and depression, magnesium supplementation is beneficial. 
A double-blind, placebo-controlled clinical trial of supplementing insomnia 
patients with magnesium appeared to improve subjective measures of 
insomnia.” Another study found that a supplement containing melatonin and 
zinc along with magnesium clearly improved the quality of sleep in a nursing 
home population.*? In a study on alcohol-dependent patients, magnesium 
appeared to result in clear-cut improvement in sleep parameters with less 
insomnia-related symptoms.°° Another study on patients with insomnia and 
restless legs syndrome also showed magnesium administration helped both 


conditions.?! 


Epilepsy and Seizure Disorders 


A seizure is an event triggered by uncontrollable electrical activity in the 
brain, which can manifest in an array of symptoms or just result in a clear-cut 
physical convulsion. Seizures can occur for multiple reasons, including brain 
tumors, certain types of poisoning, neurological development problems, 
infectious diseases, and high fevers. However, roughly 50% of patients with 
seizures do not have a diagnosed reason. When seizures are recurrent and 
remain undiagnosed, a diagnosis of epilepsy is generally applied. 

Pathophysiologically, all seizure activity begins with the unstable 


electrical activity generated by the increased intracellular calcium levels in 
the affected neurons.** Furthermore, the long-term maintenance of the 
epileptic state without any significant resolution or control of seizure 
frequency appears related to a more permanent loss of the mechanisms that 
normalize calcium concentrations at the cellular level. This physiological 
change makes the ability to reduce intracellular calcium levels with standard 
pharmacological interventions increasingly problematic.**** Individuals with 
much less frequent seizure activity have more temporary, but large elevations 
of intracellular calcium levels, and they tend not to keep the calcium levels at 
such elevations.°° 


Pathophysiologically, all seizure activity 
begins with the unstable electrical activity 
generated by the increased intracellular 
calcium levels in the affected neurons. 


In status epilepticus, a clinical emergency with either continuous seizure 
activity or rapid and recurrent seizures without the regaining of 
consciousness between seizures, calcium levels inside the affected cells 
become very elevated and tend to stay at those elevated levels.°*° 
Additionally, neurons tend to further accumulate calcium during seizure 
activity, making prompt calcium-lowering interventions mandatory to 
mitigate/stop seizure activity, and also to prevent the cell damage and cell 
death that results when these accumulations remain unaddressed.°” 

In general, then, cellular calcium influx in a neuron increases electrical 
excitability and instability, and cellular magnesium influx has the opposing, 
calming effect.°® In fact, in cell and tissue models looking at the induction of 
seizure activity, one way researchers reliably induce seizure activity in cell 
and tissue models is by exposing the cells or tissue to low magnesium 
concentrations.°?:7° 


In fact, in cell and tissue models looking 
at the induction of seizure activity, 
one way researchers reliably induce 


seizure activity in cell and tissue models 
is by exposing the cells or tissue to 
low magnesium concentrations. 


Because of the relationship between seizure activity and elevated 
intracellular calcium levels,*! calcium channel blocking drugs can exert an 
anti-seizure effect on the involved neurons. In cell studies, the ability of 
verapamil to block calcium flow across the cell membrane appeared to be the 
primary reason for its anti-seizure properties.** Magnesium also has calcium 
antagonist and calcium channel-blocking properties, and this is reflected in a 
number of clinical studies. 

Magnesium not only has been shown to protect against seizures, it 
appears to enhance the effects of standard anti-seizure drugs as well as to 
raise the seizure threshold in animal and human studies.*°** Also, higher 
doses of magnesium appear to provide greater protection than lower 
doses.*°*° In patients with seizures resistant to traditional drugs, oral 
magnesium supplementation resulted in a significant drop in seizure activity, 
and 2 out of 22 patients became seizure-free.*” In treating two patients with 
the most advanced degree of epilepsy, status epilepticus, that was 
unresponsive to a combination of anti-epileptic drugs, intravenous 
magnesium resulted in prompt clinical improvement, permitting a rapid 
removal of the endotracheal tube of both patients.*® 

A low plasma level of magnesium has been shown to be associated with 
epilepsy, and the mean magnesium levels in a group of epileptic patients 
were significantly lower than in a healthy control group.*? A study on 
children with seizures associated with high body temperature also showed 
both low serum levels of magnesium levels and lower intracellular levels 
compared to control patients.°? Conversely, a higher dietary intake of 
magnesium was found to be associated with a lower incidence of epilepsy in 


a 22-year follow-up study on 2,442 men.°! 


Best Epilepsy Treatment Protocol Ignored? 


It remains difficult to understand why magnesium is not a part of 
all treatment protocols of epilepsy patients. It is also difficult to 


fathom why it is not the first agent to be used, giving it the chance to 
completely resolve the seizures without going to further measures, as 
it has been reported to do at times in seizure patients unresponsive to 
the usual prescription medicines. Furthermore, traditional anti-seizure 
medicines have many side effects, and they do not reverse the 
underlying pathology or repair cellular damage as is seen with 
magnesium. Starting the seizure therapy with magnesium would 
prevent many side effects in many patients from ever occurring. For 
neurological diseases in general, the literature collectively indicates 
that in addition to improving the clinical picture of these diseases, 
magnesium also reduces the progressive neurodegeneration seen with 
them. Conceivably, a high enough dose of magnesium at an early 
enough stage of some neurological diseases might result in an actual 


reversal of disease-associated pathology.” 


Parkinson’s Disease, Alzheimer’s Disease, and Dementia 


These three neurological disorders are all chronic neurodegenerative 
diseases with progressive loss (death) of the affected neurons. This results in 
a gradual reduction of brain mass over time, along with an array of 
intracellular metabolic abnormalities in the remaining viable cells. 
Progressive dementia can often be indistinguishable from Alzheimer’s 
disease in its later stages, while Parkinson’s disease appears to affect more 
prominently other areas of the brain. However, variable degrees of dementia 
are also common in Parkinson’s patients. 

Generally, diseases of the brain and nervous system are associated with 
magnesium depletion as is seen with most other chronic diseases. Also, 
different neurological diseases can present with greater depletions of 
magnesium in one area of the brain versus another. Oftentimes, an excess of a 
neurotoxic metal, such as aluminum, will also be seen where the magnesium 
depletion is greatest, which generally means that more than just magnesium 
repletion is necessary for optimal treatment of the neurological condition. 
This is likely the case with Alzheimer’s disease.°*°* Autopsy-derived brain 
tissue in patients with senile dementia of the Alzheimer type revealed 
concentrations of aluminum in the nuclei of a high percentage of neurons 


with a microscopic feature known as neurofibrillary tangles.°°°° Certainly, 


increased intracellular oxidative stress (IOS) is present inside all of the 
affected neurons in any neurological disease, accompanied with/caused by 
increased cellular calcium levels. However, due to a number of factors, the 
most effective treatments for reducing elevated IOS are not as straightforward 
as in the rest of the body outside of the nervous system. Nevertheless, the 
reduction of the pathophysiology leading to and sustaining the increased IOS 
in the affected neurons is still the goal. 

Much of the literature addressing the pathology and treatment of 
neurological diseases centers on cell culture and animal model studies. In a 
rat model for Parkinson’s disease, the involved neurons were exposed to 
increasing magnesium concentrations. Higher magnesium exposures had a 
“significant and striking” effect in the prevention and lessening of the typical 
neuronal pathological changes.°” 

Another similarly-structured study found that the improved viability of 
the affected cells directly related to increased cytoplasmic magnesium levels. 
These increases resulted from magnesium release from the mitochondrial 
stores, along with an increased uptake of magnesium across the cell 
membrane.”® 

In an animal model for Alzheimer’s disease, the mice were treated with 
magnesium threonate and the brain levels of magnesium were successfully 
increased. The authors concluded that such an elevation of brain magnesium 
was able to prevent synaptic loss with some reversal of cognitive defects as 
well. They also showed that magnesium had positive impacts on affected 
neuronal tissue slices.°? Magnesium threonate is a form of magnesium now 
available for supplementation that appears to better access the brain and 
nervous systems than other commonly-used forms in animal studies.®° In a 
rat Alzheimer’s model, the abdominal injection of magnesium appeared to 
protect cognitive function and synaptic integrity.°! 


The authors concluded that such an 
elevation of brain magnesium was able 
to prevent synaptic loss with some 
reversal of cognitive defects as well. 


The association of low serum magnesium levels and these neurological 


diseases is not as clear-cut as with many other diseases outside of the central 
nervous system. Some studies not only correlated low serum magnesium 
levels with Alzheimer’s disease, but they also suggested that lower serum 
magnesium levels were related to the clinical degree of Alzheimer’s 
disease.°~°? Another study reached the conclusion that low and high serum 
magnesium levels were associated with an increased risk of dementia.°* A 
recent meta-analysis found increased circulating magnesium levels in 
Parkinson’s patients.°° Yet, a study in a cell model of Parkinson’s 
demonstrated that more magnesium clearly supported lowered degrees of 
IOS.°° Consistent with this significant lack of agreement in correlating 
magnesium levels and neurological disease status, a number of studies have 
shown magnesium in the serum to have a poor penetration across the blood- 
brain barrier.°” 

A methodology known as phosphorus magnetic resonance spectroscopy 
now exists that can measure in vivo the free cytosolic magnesium 
concentrations in different tissues. New studies utilizing this technology will 
probably better resolve seemingly conflicting data on magnesium status in 
the body in the future.°® 

Although the serum magnesium levels do not correlate as well as with 
neurological diseases as with diseases elsewhere in the body, the increased 
IOS resulting from excess cytoplasmic calcium still appears to be a consistent 
state of pathophysiology in all diseases, including those in the nervous 
system. 


Some studies not only correlated low 
serum magnesium levels with Alzheimer’s 
disease, but they also suggested that lower 

serum magnesium levels were related to 
the clinical degree of Alzheimer’s disease. 


Magnesium levels were found to be significantly lower in the 
cerebrospinal fluid of Alzheimer’s patients compared to controls, even when 
there was no significant difference in the serum magnesium levels between 


these two groups. In another study comparing Alzheimer’s patients to 


controls, serum total magnesium levels showed no differences, but serum 
ionized magnesium levels were significantly lower in the Alzheimer’s group 
and those lowered levels were directly related to cognitive function.”? In a 
study that quantified magnesium content in nervous tissue, it was found that 
in normal brains there were significantly different amounts of magnesium in 
different parts. And in the diseased areas of Alzheimer’s patients, magnesium 
content was lower than in those same areas as in normal patients.” 
Nevertheless, it appears that improving the magnesium status in such 
diseased cells in order to counteract the calcium excess remains a significant 
therapeutic goal, even if it not realized as readily as elsewhere in the body. 
New supplemental approaches, including liposome-encapsulated magnesium 
threonate that is now available, might make this therapeutic goal more 
achievable. 


Magnesium levels were found 
to be significantly lower in the 
cerebrospinal fluid of Alzheimer’s 
patients compared to controls. 


In a study extending over a 10-year follow-up period, the use of 
magnesium oxide (a common laxative) appeared to significantly reduce the 
risk of developing dementia.’* And in patients already diagnosed with 


dementia or Alzheimer’s, magnesium supplementation has been shown to 


improve learning and to result in improvement in other related symptoms.”°. 


In addition to magnesium deficiency, other minerals appear to be 
important factors in different forms of dementia and Alzheimer’s. It has been 
hypothesized that a group of patients with ALS (amyotrophic lateral 
sclerosis) associated with dementia or parkinsonian features resulted from 
long exposure to low magnesium along with excess aluminum and 
manganese in the drinking water and soil.” Lead excess in brain tissues also 
appears to be a common finding in a form of presenile dementia.” 

Many cell, animal, and human studies strongly support the concept that 
the presence of excess cellular calcium and impairment in the mechanisms 
that regulate calcium are primary metabolic common denominators in the 


pathology and eventual cell death in neurological diseases and in 
neurodegeneration in general.”®-8t This further gives support to the thesis that 
the inversely-related magnesium levels in the affected cells are low as well, 
and that finding a way to increase those magnesium levels is a primary way 
to lessen the calcium excess. However, many diseases, especially the 
neurological ones, have their increased IOS pathology attributable to multiple 
oxidation-inducing toxins, including iron and copper, which appear to be 
major additional factors in the cause and maintenance of a disease such as 
Parkinson’s.®* In fact, it appears that increased iron content in diseased cells 
is further enhanced by increased iron uptake via the use of the 
transmembrane calcium channels (see Figure 5.1), further explaining the 
positive impact of calcium channel blockers on the evolution of the 
pathophysiology of these neurological diseases.®° 


In patients already diagnosed with 
dementia or Alzheimer’s, magnesium 
supplementation has been shown 
to improve learning and to result in 
improvement in other related symptoms. 
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Figure 5.1 Calcium Channel 
Calcium channels are pore-like structures implanted in cellular membranes (B) that allow calcium ions 
— as well as toxins like iron and copper — to travel from the extracellular space (A) into the 
intracellular space or cytosol (C). Calcium channel blockers prevent that movement. 


Prescription calcium channel blockers appear to lessen the development 
of the pathological changes in Parkinson’s. Two meta-analyses found 
that the use of these drugs resulted in a significantly decreased risk of 
developing this disease compared to a group not taking them.8®87 Another 
study found that the use of the dihydropyridine calcium channel blockers in 
treating hypertension also appeared to result in a reduced risk of Parkinson’s 
disease.°° Magnesium administration, a natural calcium channel blocker and 


calcium antagonist, would also be expected to positively impact this 
pathophysiology in neurological diseases, as long as the magnesium reached 
the target tissues in adequate amounts. 

Outside of the circumstances of excess intravenous magnesium 
administration and/or varying degrees of renal failure, clearly and persistently 
elevated levels of magnesium in the blood are quite rare. One subset of 
patients to keep in mind that could have a significant percentage of such 
hypermagnesemic patients are the very elderly, especially those in nursing 
homes and extended-care facilities. This group of patients often become 
reliant on magnesium-containing cathartics to keep the bowels moving. 
Furthermore, the very presence of the constipation for which the cathartics 
are being given assure that the magnesium stays in the GI tract for a longer 
period of time, permitting an even higher degree of absorption than is usually 
seen with regular magnesium supplementation. With or without renal 
dysfunction, these cathartics can potentially push magnesium levels high 


enough to be fatal.®9 


Stroke 


A stroke occurs when insufficient blood flow or a complete loss of blood 
flow results in injury and/or death to neurons. It is generally classified as 
ischemic in nature, due to a severe decrease in blood flow to an area of the 
brain, or as hemorrhagic. The hemorrhagic, or bleeding, form results in a 
secondary loss/death of neurons due to loss of blood supply in one area 
and/or compression from blood accumulation resulting in cell death in 
another area. 

Regarding magnesium and stroke, the greatest benefit offered by 
magnesium appears to be in stroke prevention from increased magnesium 
intake, including from dietary sources. One meta-analysis of prospective 
studies found that dietary magnesium intake was inversely associated with 
risk of ischemic stroke.°° Another meta-analysis of cohort studies came to the 


same conclusion.?! Other studies have found that lower dietary magnesium 
was associated with increased stroke risk, as well as with higher blood 
pressure. These two conditions often coexist. Consistent with these 
findings, another study found that many hospitalized ischemic stroke patients 
presented with low serum magnesium levels, and that these decreased levels 


were independently associated with greater in-hospital mortality.°* It was 
also reported that low levels of serum magnesium in acute ischemic stroke 
patients appeared to be a risk factor for developing cognitive impairment 
after one month.%° 

When patients presenting with acute ischemic stroke were given a 
substantial dose of intravenous magnesium over the first 24 hours of hospital 
admission, there was not seen a Statistically significant degree of stroke 
recovery compared to a control stroke group.*° It would seem that in the case 
of neurological damage from stroke, low magnesium increases the risk of it 
occurring, higher levels decrease the risk of it occurring, but after-the-fact 
magnesium administration appears to do little for reducing the neurological 
damage sustained. 


A meta-analysis of five clinical trials has 
also demonstrated this neuroprotective 
effect of magnesium on the salvage of 
damaged but still viable nervous tissue. 


When the stroke is not “complete,” however, and there is evidence of the 
neurological defect showing some capability of resolution, there does appear 
to be a beneficial role for magnesium administration. In an animal model of 
transient focal ischemia, where the vascular blockage is undone before 
permanent damage takes place, the resulting shock from a quick return of 
blood flow to the nervous tissue is lessened synergistically by a combination 
of magnesium and a nonsteroidal anti-inflammatory agent.?” A meta-analysis 
of five clinical trials has also demonstrated this neuroprotective effect of 
magnesium on the salvage of damaged but still viable nervous tissue. In 
patients who suffered subarachnoid hemorrhage-related brain injury, 
magnesium administration was shown to reduce the risk of poor outcome 
clinically while also reducing the occurrence of delayed brain ischemia 
events.” In several animal models of brain injury, magnesium increases the 
recovery of cognitive brain function following such injury.”>100 

Magnesium, in combination with a calcium channel blocker, has also 
been shown to be of significant benefit in patients who have sustained a 


subarachnoid hemorrhage. In a prospective and randomized, double-blind 
clinical trial on 120 such patients, intravenous magnesium along with oral 
nimodipine was shown to decrease the consequences of the cerebral 
vasospasm commonly occurring with such an injury. A clear reduction in 
post-event cerebral ischemia with associated death of brain tissue (cerebral 


infarction) and neurologic deficits was seen.'°! Low serum magnesium was 
also found to be independently associated with hemorrhagic complications 


following stroke.'°* Further evidence of the apparent ability of magnesium to 
lessen bleeding was demonstrated in a study on 299 patients with acute 
spontaneous intracerebral hemorrhage. Higher serum magnesium levels were 


seen to be independently related to lower volume of blood accumulation 


(hematoma size) on admission.!°° 


Take a Deep 
Breath 


Magnesium and Pulmonary Diseases 


Asthma and Bronchospasm 


Magnesium intake has been associated with the support of good lung 
function in multiple studies. Dietary magnesium is independently related to 
lung function and the occurrence of wheezing (bronchospasm). More dietary 
magnesium intake relates to better lung function and dietary deficiency is 
associated with impaired function.'* Serum magnesium levels positively 
correlate with better symptom control in asthmatic adults. It appears to 
improve, or help to prevent, the loss of lung function as measured by multiple 
parameters. Magnesium has at least three significant ways in which it 


positively impacts lung function:* 


1. It has both a strong vasodilator and bronchodilator effect, 

2. It helps to regulate the release of acetylcholine and histamine 
(bronchoconstrictors), 

3. And it has anti-inflammatory (decreased oxidative stress) 
effects. 


In patients with chronic asthma and low serum magnesium levels, 
multiple pulmonary functions were significantly less normal than compared 
to chronic asthmatic patients with normal magnesium levels.” Lower serum 
magnesium levels in chronic asthma patients also correlate with a worsened 


clinical status. Not surprisingly, intracellular magnesium levels in asthma 


patients were significantly depressed. These lower intracellular levels also 


correlated with increased bronchial reactivity, or tendency to bronchospasm.’ 


It is true that higher levels of magnesium make asthma less likely to 
develop or for it to be less symptomatic if it does manifest. It is also true that 
low magnesium levels appear to make preexisting asthma worse. However, 
the effectiveness of magnesium therapy for asthma is less clear-cut. Acute 
asthma attacks are generally treated in the emergency room with inhaled as 
well as intravenous agents. Multiple studies have consistently shown that 
intravenous magnesium has a definite, but not necessarily dramatic, effect in 
improving lung function and lessening symptoms in acute asthma. 
Furthermore, the inhaled route of magnesium administration (nebulization) 
has consistently showed little to no significant benefit in alleviating acute 
attacks.*-!* Chronic oral supplementation of magnesium along with standard 
asthma treatments in asthmatic adults and children only suggested a limited 
benefit in a recent review and meta-analysis.'? Nevertheless, as with so many 
other chronic diseases, regular magnesium supplementation still appears to be 
advisable, although a significant body-wide deficiency of magnesium can 
make a clear benefit slow to appear. Furthermore, such supplementation can 
be expected to decrease the incidence of many other diseases and/or lessen 
their associated symptoms. 


In patients with chronic asthma and 
low serum magnesium levels, multiple 
pulmonary functions were significantly less 
normal than compared to chronic asthmatic 
patients with normal magnesium levels. 


COPD 


Chronic obstructive pulmonary disease (COPD) is pathologically quite 
different from asthma, with a gradual destruction of lung tissue over time. In 
the chronically compromised patients, exacerbations of the inability to 
breathe are often precipitated by infections and environmental/chemical 


irritants. An exacerbation of COPD, with increased difficulty breathing, often 
has associated bronchoconstriction as well. One systematic review of four 
randomized clinical trials found that intravenous magnesium appeared to 
potentiate the effect of bronchoconstriction-relieving agents, although the 
degree of this effect was not felt to be substantial.'* In a double-blinded, 
placebo-controlled study, intravenous magnesium was felt be a beneficial 
adjunct to standard bronchodilators in COPD exacerbation patients.!° 
Another study on treating exacerbations of COPD patients found that the 
intravenous administration of magnesium had no significant bronchodilating 
effect by itself, and it did not reduce the length of hospital stay.'° One study 
found that nebulized magnesium, which appeared to have no impact on 
asthmatic bronchoconstriction, does favorably impact the breathing 
parameters in exacerbations of COPD.!” However, as noted with asthma 
patients, regular magnesium supplementation would still appear to be good 
idea for COPD patients. Lower magnesium levels in COPD are associated 
with a decreased quality-of-life even in the absence of worsened pulmonary 
function.® 


Bone, Joints, 
and Muscles 


Magnesium and 
Musculoskeletal Diseases 


Roughly 60% of the total body content of magnesium is stored in the 
bones, and roughly 40% more is contained in the skeletal muscles and soft 
tissues. Less than 1% of the bodily content of magnesium is found outside of 
the cells, in the blood and extracellular fluid.’* Magnesium is known to 
stimulate the proliferation of osteoblasts (bone-forming cells).? Furthermore, 
a magnesium deficiency results in decreased bone formation and eventual 
osteopenia (earliest stage of osteoporosis), as this state not only inhibits the 
activity of osteoblasts, it also promotes the activity of osteoclasts (bone- 
destroying cells).+° In studies looking at new bone formation along with 
healing, an animal study showed having magnesium impregnated into 
titanium implants placed into bone sites both promoted rapid bone formation 
as well as the expression of different bone-forming markers.’ 


Osteoporosis 


A fractured bone is the worst clinical outcome of osteoporosis. In a long- 
term prospective cohort study, low serum magnesium levels were found to be 
strongly and independently associated with an increased risk of fractures.’ 
Another study on 3,765 patients over an 8-year period showed that both men 


and women with the highest dietary intake of magnesium had substantially 
fewer fractures than those with the lowest dietary intake.® Conversely, 
magnesium supplementation in a group of menopausal women over a 2-year 
period was shown to both decrease the chances of fracture while significantly 
increasing bone density.’ Not surprisingly, higher dietary magnesium intakes 
also appeared to slow the skeletal muscle deterioration seen with aging and 
increasing osteoporosis. !° 

Having and maintaining normal calcium and phosphate metabolism in the 
body is critical to healthy bone. Furthermore, having normal assimilation of 
vitamin D and maintaining normal levels of this vitamin in the body is vital 
to keeping calcium/phosphate metabolism properly regulated. Magnesium 
also plays an important role in the activation of vitamin D in the body.!!!* In 
both humans and animals magnesium deficiency is associated with lowered 
vitamin D levels as well.!° In addition to playing a role in the metabolism of 
vitamin D, magnesium also plays an essential role in its synthesis.'4 


Conversely, magnesium supplementation 
in a group of menopausal women over 
a 2-year period was shown to both 
decrease the chances of fracture while 
significantly increasing bone density. 


A study in postmenopausal women with osteoporosis demonstrated that 
serum magnesium levels were lower in these individuals than normal 
controls. Bone mineral density also correlated directly with magnesium 
levels.!° These findings strongly indicate that magnesium stores in the bone 
(and throughout the body) are vital to maintaining bone health, and that 
quality magnesium supplementation is important for prevention as well as 
treatment of bone disease in general. 


Osteoarthritis 


In general, magnesium deficiency has been recognized as a major risk 
factor for the development and progression of osteoarthritis, as its deficiency 


has been associated with cartilage damage, increased inflammatory 
mediators, and defective formation of new cartilage-forming cells.!° Lower 
magnesium intake, as reflected in deficiencies in both diet and 
supplementation, was found to be associated with increased knee pain in 
patients with radiographic evidence of osteoarthritis.” Another study 
demonstrated that dietary magnesium intake is inversely associated with X- 
ray evidence of osteoarthritis and joint space narrowing.'® Similarly, it was 
shown that lower serum magnesium levels inversely correlate with 
radiographic evidence of osteoarthritis. 

Other studies also lend support to the importance of a magnesium 
deficiency provoking osteoarthritis, or of increased magnesium intake, 
including by intra-articular injection, lessening the symptoms and evidence of 
osteoarthritis.2°*! The inflammatory marker CRP has been found to be 
inversely related to increased dietary magnesium intake and serum 
magnesium levels in patients with early X-ray evidence of osteoarthritis. 
Chondrocalcinosis, a condition of calcium deposition in cartilage, is often 
seen with osteoarthritis and felt by many to be part of the pathophysiological 
spectrum of osteoarthritis evolution. This condition has been shown to 
increase in prevalence the lower the serum magnesium levels goes.7? 
Magnesium chondroitin sulfate has been synthesized and found to 
successfully treat parameters of osteoarthritis (increased proliferation of 
chondrocytes and decreased destruction by apoptosis).** 


Muscular 


Like all the other cells and tissues of the body, the skeletal muscle needs 
optimal magnesium content for optimal muscle health and function. While 
there is not a great deal of literature directly addressing magnesium status and 
muscle health, what there is indicates it is just as important for muscles as all 
other cells and tissues. 

In an animal study a dietary deficiency of magnesium resulted in greater 
calcium content and oxidative stress in the skeletal muscle tissue, which 
would logically lead to muscle tissue lesions and deterioration.*°? Along with 
insufficiencies of other dietary nutrients, low dietary intake of magnesium 
correlated with increased sarcopenia (loss of muscle mass).*° In a review of 
studies looking at exercise and physical performance in athletes, magnesium 


was considered to have “quality evidence” supporting its role in improving 
such performance.~’ 


Key to Vitality 


Magnesium and Organ Systems 


Liver 


The relationship between magnesium intake and liver disease has not 
been extensively studied. One large study did examine the association 
between magnesium intake and the risk of mortality from liver disease. It 
concluded that for every 100 mg increase in daily magnesium intake there 
was a 49% reduction in mortality risk from liver diseases. The study also 
found that this inverse relationship between magnesium intake and mortality 
from liver disease was even more striking among alcohol drinkers and 
individuals with hepatic steatosis (fatty liver disease).! 

In a hepatic cell study, it was found that a magnesium compound helped 
protect those cells from the type of injury seen in non-alcoholic fatty liver 
disease.* A mouse study demonstrated that magnesium could protect the liver 


from a sepsis-related toxin.* In another study on rats, magnesium was also 
shown to protect against the injury that would otherwise result from a 
surgically blocked bile duct, a model of what happens when a gallstone 
blocks the duct.* In rats exposed to carbon tetrachloride, a liver-damaging 
toxin, magnesium was shown to lessen the otherwise-anticipated injury, with 
a dramatic reduction in elevated liver enzymes and a substantially reduced 
liver cell death.° Another animal model study also demonstrated that 
magnesium could protect against the liver damage caused by oxaliplatin, a 
chemotherapy drug.° 


...for every 100 mg increase in 
daily magnesium intake there 
was a 49% reduction in mortality 
risk from liver diseases. 


In a study on patients diagnosed with compensated liver cirrhosis, a 
condition where there are sufficient healthy liver cells present that can 
compensate for the scarred portion of the liver, it was found that better 
intracellular and serum magnesium levels correlated positively with better 
cognitive performance. These findings suggested that magnesium could 
lessen the chances or degree of hepatic encephalopathy, a condition where a 
diseased liver causes changes in mood, movement, personality, or 
consciousness.’ In another study, magnesium administration was shown to 
significantly improve cognitive and motor functions in rats with induced 
hepatic encephalopathy.® The collective studies appear to underscore the fact 
that magnesium, by lessening the levels of intracellular oxidative stress (IOS) 
in the liver and elsewhere, strongly supports the liver’s vital role of 
detoxification by freeing it to properly process and negate new toxin 
exposures. 


Pancreas 


In an animal study, magnesium was shown to protect against the liver 
injury induced by acute pancreatitis, limiting its impact on multiple liver 
damage parameters.’ In another animal study, magnesium supplementation 
was shown to decrease the severity of an artificially-induced experimental 
model of pancreatitis, while a nutritional magnesium deficiency was shown 
to increase susceptibility to inflammation-inducing stimuli? An 
investigation of non-diabetic individuals demonstrated that magnesium 
supplementation improved the metabolic responsiveness of the insulin- 
secreting capacity of the pancreas (beta cells) compared to the metabolic 
responsiveness of those cells in individuals with significantly low serum 
magnesium levels.'' In rats with induced diabetes, magnesium 
supplementation prevented the otherwise-anticipated pathological changes in 


the pancreas. 1 


An investigation of non-diabetic 
individuals demonstrated that magnesium 
supplementation improved the 
metabolic responsiveness of the insulin- 
secreting capacity of the pancreas. 


Reproductive System 


Currently, magnesium is commonly used as a tocolytic agent (inhibitor of 
uterine contractions) in higher risk pregnancies to prevent preterm labor and 
preterm delivery.!° Prescription calcium channel blockers, which share this 
property with magnesium, are also commonly used in these circumstances. 
Such intervention has also been shown to be a likely neuroprotective agent, 
diminishing the chances of cerebral palsy and cerebral hemorrhage.!*!° 

During pregnancy, especially as the pregnancy proceeds, levels of many 
nutrients, vitamins, and minerals — including magnesium — are reduced by the 
increased metabolic demands of the pregnant state. The literature has also 
suggested that the women who most significantly deplete their body stores of 
magnesium are the ones who are most prone to preeclampsia. Leg cramping 
and pre-term birth are also significantly more common in this magnesium- 
depleted group.'® This is certainly consistent with the fact that intravenous 
magnesium is the agent of choice for such patients as blood pressures rise in 
pregnancy. It has also been suggested that sudden infant death syndrome is 
largely due to the fetal consequences of a significant enough magnesium 
deficiency in the mother.!” 


The literature has also suggested that the 
women who most significantly deplete their 
body stores of magnesium are the ones 
who are most prone to preeclampsia. 


In fact, magnesium is regarded as an ideal agent for “controlled 
hypotension,” which really means a high enough dose can make the blood 
pressure go as low as is desired.'®!9 This also means that the main negative 
“side effect” of too much magnesium is making the blood pressure too low to 
sustain life. Excess calcium channel blockage from magnesium is 
pharmacologically similar to a prescription calcium channel blocker overdose 
(often as a result of attempted suicide), presenting to the emergency room as 
hypotensive shock. Because of this, prescription calcium channel blockers are 
considered to be drugs with a narrow therapeutic index (the minimum toxic 
concentration is less than two times the minimum effective concentration). ® 
Both magnesium and calcium channel blocker drugs are nevertheless widely 
considered as safe agents in patients, pregnant or otherwise, but in need of 
appropriate monitoring during the periods of their administration.*)24 


It has also been suggested that sudden 
infant death syndrome is largely due to the 
fetal consequences of a significant enough 

magnesium deficiency in the mother. 


Kidney 


In individuals with no known kidney disease, lower magnesium levels 
correlated with an accelerated deterioration or loss of renal function, as 
reflected in lowered estimated glomerular filtration rate. In a study involving 
2,056 participants and spanning a median of 7 years, the lowest serum 
magnesium levels correlated with the most substantial loss of renal function. 
Furthermore, the decline in function was even more pronounced in those 
individuals with diabetes.*? And in patients with established chronic kidney 
disease or with end-stage renal disease, low serum magnesium levels were 
significantly associated with increased cardiovascular and all-cause 
mortality.** When magnesium levels are maintained in the slightly elevated 
range, lower mortality and less calcification has been seen in chronic kidney 
disease patients.*° 


And in patients with established chronic 
kidney disease or with end-stage renal 
disease, low serum magnesium levels were 
significantly associated with increased 
cardiovascular and all-cause mortality. 


Hearing 


There is a substantial amount of literature demonstrating the importance 
of magnesium in both the protection of hearing capacity as well as in the 
recovery of hearing capacity after damage from noise as well as from other 
causes. Magnesium deficiency states have long been shown to increase 
susceptibility to noise- and toxin-induced auditory damages.° In a placebo- 
controlled, double-blind study on 300 healthy military recruits facing two 
months of basic military training, one group received 167 mg of magnesium 
aspartate in a drink daily while the other group received a placebo drink. At 
the end of the training period, it was demonstrated that the magnesium- 
treated group had developed significantly less noise-induced permanent 
hearing losses.*” 

Magnesium also works well as a treatment for hearing damage that has 
already occurred. In a prospective and randomized trial that was double-blind 
and placebo-controlled, patients with a sudden onset of sensorineural 
(involving the nerves) hearing loss were given steroids with magnesium. 
Another group was given steroids with a placebo. The magnesium group had 
a significantly higher proportion of patients with improved hearing across all 
frequencies tested, and the degree of improvement was significantly greater 
as well.7® 

Aside from magnesium supplementation, it also appears that better 
dietary magnesium intake strongly supports auditory health. In an analysis of 
cross-sectional data in 2,592 adults aged 20 to 69, hearing thresholds were 
measured over a 3- to 4-year period. Dietary magnesium intake, along with 
the dietary intakes of vitamin C and beta-carotene were estimated, and it was 
found that higher intakes of these agents were associated with a lower risk of 
hearing loss.?° 

In two different strains of guinea pigs, hearing damage (ototoxicity) due 


to a toxic exposure to gentamicin (an antibiotic) was significantly lessened by 
the addition of magnesium and vitamins to the diet.°? Another guinea pig 
study actually analyzed the magnesium content in the cochlea after hearing 
loss due to acoustic trauma. The study showed that the greater the magnesium 
content, the lesser the hearing loss.°! Still another study in guinea pigs with 
hearing loss from exposure to gunshot noise showed that magnesium-induced 
improvement was only temporary, but that when the magnesium was 
continued for a month the improvement appeared to represent resolution of 
the damage.** 


The magnesium group had a significantly 
higher proportion of patients with 
improved hearing across all frequencies 
tested, and the degree of improvement 
was significantly greater as well. 


In patients with moderate to severe tinnitus (ringing in the ears), it was 
found that a 3-month period of supplementation with oral magnesium 
resulted in a significant reduction of the degree of this condition.** Another 
hearing loss disorder interwoven with symptoms of Meniere’s disease (daily 
vertigo, headache, and vomiting) over a 6-month period in a 5-year-old girl 
completely resolved with magnesium and riboflavin supplementation and a 
diet regimen recommended for migraine patients.*+ 


Splitting Headache 
Relief 


Magnesium and Migraines 


About 16% of the U.S. population has experienced one or more 
migraines.! This debilitating, commonly experienced condition can fall into 
more than one pathological category. Some regard it as a “primary” headache 
or neurological disorder while others would consider it to be a vascular 
disorder. More than likely, the underlying cause has to do with the tone of the 
smooth muscle tissues in the blood vessels (vascular tone). As vascular tone 
increases, the diameter of the vessel decreases. In the case of migraines, it 
appears that chronically increased vascular tone sporadically and somewhat 
unpredictably constricts to such a point that it results an array of symptoms, 
including severe headaches. The sequence of events in the evolution of a 
migraine is not fully understood at present. For certain, however, most 
clinicians feel that this syndrome involves a significant disturbance of normal 
vascular status and function in the brain. 

Much of what is experienced as symptoms in a migraine is probably due 
to the “washout” that results from the rapid restoration in blood flow that 
occurs when severely constricted vessels suddenly dilate. This is similar to 
what is seen when a completely blocked artery is opened up, as after an acute 
heart attack when the initially blocked coronary artery is opened up with an 
angioplasty or a clot-dissolving drug. New heart arrhythmias nearly always 
appear as the downstream damaged cells seek to re-normalize their 
metabolism. It is logical that as the migraine syndrome evolves, the body 


attempts to re-normalize damaged brain cells in a similar fashion as to when 
blood flow is restored to a previously completely blocked coronary artery. 
But since brain cells are affected and not heart cells, there are no arrhythmias 
that result. Rather, there is a wide array of different symptoms that can appear 
with (or without) the migraine headache, including visual and auditory 
abnormalities, as well as transient neurological deficits. Multiple studies have 
shown that magnesium significantly reduces the oxidative stress injury 
observed in laboratory animals when blood flow is restricted or prevented for 
a time and then restored (ischemia/reperfusion injury models). This 
observation certainly fits into the vascular model proposed for severe 
migraine. 

In a study that was able to measure blood volume in the cerebrum it was 
demonstrated that an infusion of magnesium resulted in a vasodilation effect 
with increased cortical blood volume.’ 

Magnesium naturally relaxes constricted blood vessels (vasodilation) and 
reduces oxidative stress. Because of this dual ability, it is expected that the 
administration of magnesium would have a greater positive impact on a 
migraine than a vasodilator drug that has no impact on prooxidant activity.*° 

Migraines often develop in pregnancy, clearly worsening as the 
pregnancy proceeds, much like the progressive vasoconstriction seen in the 
evolving preeclampsia of many pregnancies.!° Magnesium supplementation 
has been shown to not only decrease the frequency and intensity of migraine 
attacks in pregnant women, it also appears to decrease the chances of 


hospitalization. !! 


Magnesium supplementation has been 
shown to not only decrease the frequency 
and intensity of migraine attacks in 
pregnant women, it also appears to 
decrease the chances of hospitalization. 


Regardless of the precise nature of the underlying causes, much research 
has shown that a magnesium deficiency is a factor clearly associated with the 
development of migraine.!* Serum magnesium levels were not only observed 
to be consistently low in migraine patients compared to healthy individuals, 


the levels were even lower during the migraine attacks.'° This suggests the 
possibility that severely depressed cellular magnesium levels might be the 
primary reason for the onset of a migraine attack. 

Much of the migraine literature cites the positive contributions of 
magnesium to both preventing and treating this condition, but it seems to 
consistently avoid the clear-cut conclusion that magnesium, adequately- 
dosed, is the agent of choice for migraine. Some of the agents that have been 
used and continue to be used in the treatment and prevention of migraine 
include: metoclopramide, acetaminophen, butalbital, opioids, 
diphenhydramine, topiramate, propranolol, nadolol, metoprolol, 
amitriptyline, gabapentin, ketorolac, caffeine, sodium valproate, candesartan, 
butterbur, feverfew, riboflavin, coenzyme Q10, carnitine, niacin, vitamin D, 


vitamin B6, vitamin B12, alpha lipoic acid, and melatonin.!*"!° 


Much of the migraine literature cites the 
positive contributions of magnesium to 
both preventing and treating this condition 


This very large and growing list further underscores the lack of 
understanding of the pathophysiology of this condition. It also shows an 
alarming lack of appreciation for the symptom and pathology relief that 
magnesium has to offer for this condition. 

In a subset of advanced migraine patients with the most severe and 
unremitting of pain continuing for 72 hours or more, known as status 
migrainosus, the intravenous administration of magnesium resulted in a 
significant pain reduction in 54% of these patients. 44% had such complete 
pain relief that intramuscular pain medications did not have to be 
administered.'” In studies on migraine attacks of less severity but requiring 
emergency intervention, intravenous magnesium has been consistently 
effective in pain relief. In a meta-analysis of 21 randomized controlled 
clinical trials, intravenous magnesium significantly relieved acute migraine as 
promptly as 15 minutes after administration. ® 

In another study in the emergency room setting, intravenous magnesium 
not only relieved migraine pain promptly, it was clearly more effective than 
ketorolac, a commonly administered prescription drug for migraine 


symptoms and pain relief.'? A similarly structured study showed that 
intravenous magnesium completely eliminated migraine pain within two 
hours of administration. Intravenous caffeine resulted in some migraine pain 
relief in the same time frame but was unable to relieve it completely.*° One 
case report in a 5-year-old girl diagnosed with Meniere’s disease (inner ear 
equilibrium disorder) with a 6-month history of daily episodes of headache, 
vomiting, and vertigo was able to become symptom-free after a 6-week 
regimen that incorporated magnesium and riboflavin supplementation.*! 


... Intravenous magnesium not only 
relieved migraine pain promptly, 
it was clearly more effective than 
ketorolac, a commonly administered 
prescription drug for migraine... 


Oral magnesium has also been shown to be effective in migraine 
prophylaxis, although complete elimination of attacks is not generally 
seen.?? 24 

Clinicians who treat migraine either do not read the pertinent literature or 
do not fully understand it, or they simply choose to ignore the clear-cut data 
indicating that magnesium should always be the primary agent in their 
treatment protocols. The case for its consistent use in migraine patients is 
very straightforward, but as with just about every other positive non- 
pharmacological intervention, the conclusions of so many studies after 
overwhelming positive outcomes is that the tested agent “might?” be 
indicated, and that more studies are needed. Nevertheless, it has been 
suggested in the literature that magnesium treatment is warranted in all 
migraine patients.*° 

Considering the dramatic effects of magnesium given intravenously in the 
treatment of acute migraine attacks in the emergency setting, it seems likely 
that complete control or near-complete control of subsequent attacks might be 
obtained with a larger daily dosing of magnesium than has been given in 
these studies. This might be achievable by taking enough of a quality 
liposome-encapsulated form of magnesium to better raise intracellular 
magnesium levels, along with other forms and routes of magnesium 


administration. Also, it is always best when a multi-pronged approach to the 
support of metabolism and hormone balance is undertaken along with the 
administration of magnesium for optimal results. Such a regimen resulted in 


the complete elimination of migraine in a study on 30 patients.*° 


Powerful Poison 
Antidote 


Magnesium as an Antitoxin 


At a minimum, decreased intracellular antioxidant capacity, if not 
increased intracellular oxidative stress (increased IOS), is always the final 
common pathophysiological state seen in any toxin- or poison-induced 
cellular damage. This is equally true inside the cells affected by any chronic 
disease. Even though magnesium by itself is not a direct electron-donating 
antioxidant (like vitamin C and others), it nevertheless has a powerful 
antioxidant impact as its presence in the body, and especially inside cells, 
increases. 

Not surprisingly, as an agent that can substantially decrease and even 
normalize increased IOS, magnesium (along with potent antioxidants such as 
vitamin C and glutathione) has a substantial positive clinical effect in 
reversing toxin impact or in preventing it in the first place. As mentioned 
elsewhere, probably the primary reason magnesium has this antitoxin effect is 
that it is a uniquely powerful natural calcium antagonist — as magnesium 
levels inside the affected cells increase, calcium levels drop and thereby 
alleviate IOS. This is why any acute or chronic cases of poisoning or extreme 
toxin exposure should always include intravenous or oral magnesium 
administration as part of the treatment protocol. 


This is why any acute or chronic cases 


of poisoning or extreme toxin exposure 
should always include intravenous 
or oral magnesium administration as 
part of the treatment protocol. 


In assessing the ability of magnesium to serve as a powerful antitoxin, it 
is important to remember that 


all diseases, medical conditions, infections, 
or direct toxin and poison exposures result 
in the same intracellular pathophysiology. 


No pathology exists anywhere in the body if intracellular levels of 
oxidative stress inside the cells are “normal,” as in a degree reflecting the 
results of normal metabolism. As such, magnesium will always be helpful in 
the remediation of any disease or toxic condition that might present itself 
(except in the extremely rare event of magnesium excess or overdose (see 
Chapter 18 for specific details). And in the case of infection-induced toxicity, 
magnesium has the additional benefit of having a powerful anti-pathogen 
impact to go along with its powerful antitoxin impact. As such, 


Magnesium is the natural partner 
with vitamin C in the treatment of 
all medical conditions. 


Toxin Impact and the QT Interval 


Many drugs cause abnormalities in the electrocardiogram (ECG), even 
when they are being employed in therapeutic doses within blood level target 
ranges. A considerably larger list of drugs, along with many known poisons, 
reliably cause these abnormalities when ingested to excess. When an 
overdose of any of these drugs or poisons results in a fatality, the cause of 
death is often due to a cardiac arrhythmia caused by an abnormality know as 


a prolonged QT interval (see Figures 10.1 and 10.2). Sometimes this 
abnormality evolves into a highly unstable heart rhythm known as torsade de 
pointes, and sometimes it evolves into a dangerous, but usually somewhat 
less unstable, ventricular tachycardia. 

Generally, it appears that the more prolonged the QT interval, the greater 
the chance of developing torsade de pointes.' One study showed that 
poisoned patients presenting to the emergency room with QTc prolongation 
had a threefold increased risk of cardiac arrest and all-cause mortality for the 
first 30 days.* If the QT interval cannot be effectively treated (shortened), 
abnormal heart rhythms can eventually degenerate into ventricular 
fibrillation, promptly resulting in death. 

The QT interval is that part of the ECG that reflects the repolarization, or 
recovery phase, of the heart muscle cells after the much more rapid 
depolarization, or contraction phase, of those cells. As this phase of recovery 
is prolonged, reflected in a longer or prolonged QT interval on the ECG, the 
heart muscle cells become increasingly unstable electrically and much more 
prone to abnormal heart depolarizations and contractions, along with any of a 
number of abnormal, unstable heart rhythms. Even though a low serum 
calcium level is often noted when there is a sufficient toxin effect to prolong 
the QT interval, it appears that agents with cardiac toxicity often promote 
movement of calcium from intracellular calcium storage sites to the 
cytoplasm.? 


Figure 10.1: ECG with Normal QT Interval 





Figure 10.2: ECG with Prolonged QT Interval 


Acutely shortening the QT interval 
in poisoned patients while the body 
works to excrete the toxin is often the 
critical factor in determining survival. 


This induces a state of calcium excess in the cytoplasm even though the 
blood calcium levels might be noted to be low. In many of these prolonged 
QT states caused by excess toxin or drug ingestion, magnesium has been 
shown to be an effective agent in accelerating the return of this prolonged QT 
State to a normal or near-normal duration, probably accomplishing this by its 
calcium antagonist effect, blocking the uptake of new calcium into the cell, 
while also blocking the release of calcium stores from the sarcoplasmic 


reticulum (calcium storage site) into the cytoplasm.*” Acutely shortening the 
QT interval in poisoned patients while the body works to excrete the toxin is 
often the critical factor in determining survival. 

Very many drugs with a narrow risk/benefit ratio with regard to safe 
dosing and many frankly toxic (poisonous) agents have been documented to 
prolong the QT interval as a critical part of their toxic impact.® Furthermore, 
many of the acute presentations of overdosing on these agents are monitored 
as to whether a treatment is effective by the degree or promptness to which 
the QT interval begins to shorten and eventually reach a normal, electrically 
stable duration. QT prolongation following an overdose has been correlated 
with the serum concentration of the overdosed agent.’ Here is a partial listing 
of the agents that have been documented to prolong the QT interval, 
especially when taken in especially large doses or frank overdoses: 


Tiamulin (antibiotic)!° 
Propafenone (antiarrhythmic 
Aconitine (cardiotoxin, neurotoxin)! 
Wild mushroom!” 

Marijuana (psychoactive)!* 

Methadone (opioid)!*!® 

Ibogaine (hallucinogen)!” 
Amitriptyline (antidepressant)!® 
Glyphosate (herbicide)!? 

Paraquat (herbicide)*? 

Cocaine (stimulant, anesthestic)*! 

Mad axe plant (Hyoscyamus reticulatus 
Oxycodone (narcotic analgesic)” 
Ethanol (nervous system depressant, animal study 
Indoramin (alpha-blocker for enlarged prostate)*>.*° 
Lithium (bipolar disorder)?” 

Organophosphate (pesticide)*° 

Dosulepin (antidepressant)*? 

Fluoride (toxic mineral)*” 

Lead (heavy metal)*!32 
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Pyrilamine (antihistamine)** 
Rhododendron honey (“mad honey 
Risperidone (antipsychotic)*° 
Escitalopram (antidepressant)*° 
Cesium (mineral)*” 
Sulpiride (antipsychotic 
Amantadine (antiviral and for Parkinson’s)*? 
Trazodone (antidepressant)*? 
Azithromycin (macrolide antibiotic 
Carbon monoxide‘? 
Venlafaxine (antidepressant 
Arsenic (pesticide, acute and chronic)***° 
Amisulpride (antipsychotic)*° 

Citalopram (antidepressant)*” 
Moclobemide (antidepressant 
Diphenhydramine (antihistamine)*? 
Thioridazine (antipsychotic)? 
Quetiapine (antipsychotic)?! 
Bupropion (antidepressant)°?~>* 
Nefazodone (antidepressant)>* 
Sotalol (antiarrhythmic)? 
Buflomedil [vasodilator)*© 

Pimozide (antipsychotic)?’ 
Astemizole (antihistamine)°® 
Amiodarone (antiarrhythmic)? 
Haloperidol (antipsychotic)®?.°! 
Thiometon (insecticide, animal study 
Pervitin (amphetamine)™ 
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Antitoxin Mechanisms 


Magnesium serves as a highly effective antitoxin via multiple 
mechanisms. For many of the acute poisonings or other intoxications that 


present with arrhythmias and/or a prolonged QT interval, as outlined above, 
magnesium serves to stabilize the heart rhythm and accelerate the shortening 
or normalization of this critical ECG parameter. When the chance of death 
from acute arrhythmia can be eliminated, many overdoses can then be 
approached in a much less urgent manner. 

Magnesium has long been used successfully in the treatment and 
stabilization of overdose patients with prolonged QT interval and torsade de 
pointes. Both magnesium boluses (concentrated single doses injected into the 
bloodstream) and infusions have been shown to be effective. In 
organophosphorus poisoning, which often prolongs the QT interval, 
magnesium infusions were shown to decrease hospital length of stay and/or 
mortality, even when there was no attention paid to QT interval status.°°~° In 
another study, intravenous magnesium sulfate not only clearly decreased the 
mortality from acute organophosphate poisoning, it was demonstrated to be 
dramatically more effective as the dosage was progressively increased. While 
the study size was small, the highest doses used completely prevented deaths 
from the poison exposure. In a case report of organophosphate poisoning, 
intravenous magnesium sulfate clearly resolved the life-threatening 
appearance of torsade de pointes arrhythmia.°” 

In tricyclic antidepressant poisoning, one study showed that intravenous 
magnesium reduced mortality from 33.3% to 13.9% in a treated group of 
patients compared to a control group of the same size (36). Although QTc 
(length of QT interval adjusted for heart rate) prolongation was not discussed, 
it was noted that the main cause of fatality from this type of poisoning 


resulted from cardiac arrhythmias.”° 


A Conspiracy of Inconclusion 


Unfortunately, medical politics continues to play a major role in 
whether magnesium is administered in poisoned patients with drug- 
induced QT prolongation. This should not be surprising considering the 
very limited roles that insulin for non-glucose-regulating indications and 
vitamin C play in current treatment protocols, in spite of the mountains of 
clinical and laboratory data that indicate they should play leading roles in 
nearly all protocols. A survey of medical toxicologists revealed that 59% 
of them would not recommend intravenous magnesium to a poisoned 


patient with a very prolonged QT interval. Yet 90% believed that 1 or 2 
boluses of intravenous magnesium would be completely safe to administer 
to such a patient.’' Consider the voluminous data supporting magnesium 
having a safe as well as strongly positive role in such patients, one can 
only speculate as to why it remains so unused. Literally, the collective 
medical literature can be considered a conspiracy of inconclusion. It 
doesn’t matter how definitive the study, there can never be sufficient data 
to merit the conclusion that a new therapy or a new clinical approach 
should be taken for a given medical condition. 

For agents such as magnesium, vitamin C, and insulin, the conclusion 
remains something like: 

“A positive effect might be present. Further studies and larger studies 
are needed.” 

This has gone on for roughly 80 years for each of these three incredibly 
powerful, inexpensive, and safe therapeutic agents. 


In acute organophosphorus poisoning, a large meta-analysis also 
indicated that the calcium antagonist properties of magnesium are likely very 
important in lessening symptoms and mortality, as prescription calcium 
channel blockers appear to have a similar positive impact.’* This is consistent 
with the fact that acutely poisoned cells consistently have excessive 
cytoplasmic levels of calcium, which ultimately result in lethal levels of 
increased IOS when calcium levels increase beyond a certain point. Also, 
magnesium chloride was shown in vitro to activate the toxin-inactivated 
enzyme needed for exporting calcium out of the cells.”3775 

Different forms of oral magnesium could also be useful for many orally- 
ingested toxins and poisons, as some can adsorb (bind) the agent, promote its 
elimination, and prevent greater amounts from being absorbed.” And even if 
a given form of oral magnesium is not able to bind the toxin, all of the oral 
forms can still promote accelerated evacuation of the gut while facilitating 
the absorption of magnesium to perform its toxin-neutralizing effects body- 
wide. Such oral applications would serve to augment the toxin-binding effect 
of activated charcoal, not replace it. 

One of the most common toxins in society today is alcohol, which can 
also prolong the QTc interval in high enough doses. Both acute and chronic 
administrations of alcohol effectively block magnesium accumulation in the 


body. In addition, alcohol consumption is recognized as a major cause of 
magnesium loss from various tissues. This is reflected in very large increases 
of urinary magnesium excretion. In fact, one animal study documents the 
increase to be 200% to 300% more than normal.’” Magnesium treatment 
appears to alleviate the toxic damage of alcohol in alcoholics as reflected in 
lowering liver enzyme levels.”® 

Organophosphorus pesticide poisoning is a major public health concern in 
some developing countries. An IV infusion of only 4 grams of magnesium 
sulfate over a 30-minute period, when administered within 24 hours of 
admission to the ICU, has been of great benefit in enhancing the impact of 
the atropine and oxime therapy typically given for this type of poisoning. The 
magnesium has been shown to decrease the atropine requirement and the 
need for intubation, while shortening the ICU stay.” 


In addition, alcohol consumption 
is recognized as a major cause of 
magnesium loss from various tissues. 


Intravenous magnesium administered 
to patients with acute aluminum 
phosphate poisoning cut in half their 
chances of death relative to poisoned 
patients not given magnesium. 


It has been extensively demonstrated in the scientific literature that 
antioxidants in general, and vitamin C most significantly, are the most 
powerful antitoxins and anti-poisoning agents in existence, including those 
available only by prescription.®° It bears repeating that magnesium, while not 
technically an antioxidant, and not having electrons available to directly 
quench toxins or to repair oxidized biomolecules, exerts a very powerful 
antioxidant effect. 

Intravenous magnesium administered to patients with acute aluminum 
phosphate poisoning cut in half their chances of death relative to poisoned 


patients not given magnesium. This study was conducted without any 
attention to cardiac arrhythmias or QTc prolongation, although two case 
reports showed that magnesium was able to successfully treat the ventricular 
and supraventricular tachycardia associated with this type of poisoning.?!° 

Aluminum poisoning is especially cardiotoxic and frequently fatal.8>84 In 
a series of children poisoned with aluminum phosphide, magnesium 
administration was associated significantly with improved survival.®° 
Another study suggested that magnesium improved survival in patients 
poisoned with this agent, in the absence of a “specific antidote.”°° 


Ironically, magnesium does a great deal of benefit for many 
poisoned patients while getting no credit. Although still not 
administered frequently enough, magnesium is often given 
for the “arrhythmia” aspect of many poisonings, and there 
appears to be no awareness that such magnesium 
administration also blocks and reverses much of the 
oxidative damage that otherwise would result in death or 
long-term morbidity to very many patients. 


In another study, patients with this type of poisoning who demonstrated 
ECG abnormalities were all (18 of 18) found to have low serum magnesium 
levels. Inflammation of the heart muscle was also seen at autopsy 
independent of ECG changes. ECG changes were most common when 
magnesium levels were lowest.” Multiple experimental and clinical studies 
have shown that a wide array of agents that are either directly or indirectly 
antioxidant in nature alleviate the impact of this type of poisoning.®® If all 
poisonings were sufficiently studied, it would likely show that all treatments 
that are capable of decreasing oxidative stress will partially or completely 
block the clinical impact of those poisonings. Magnesium administration 
consistently decreases oxidative stress throughout the body. 


...chose studies that were found all support 
the concept that it should be a major part 
of any clinical protocol for the treatment 


of an acute or chronic poison exposure. 


Conversely, deficiency states of magnesium are consistently seen when 
increased body-wide oxidative stress is present.” The ability of magnesium 
to lessen the intracellular accumulation of calcium results in a synergistically 
powerful clinical impact by facilitating the intracellular accumulation of 
vitamin C and glutathione in the place of calcium. The net effect is that 
magnesium is one of the most powerful agents known for lowering elevated 
intracellular oxidative stress, the hallmark and primary defining condition of 
all diseases and all intoxications/poisonings. 

While the studies directly examining the impact of magnesium on 
intoxications and poisonings are relatively limited, those studies that were 
found all support the concept that it should be a major part of any clinical 
protocol for the treatment of an acute or chronic poison exposure. Some of 
these studies (human and animal) include the following: 


v Inaretrospective study looking at patients receiving cisplatin 
chemotherapy for lung cancer, it was shown that magnesium 
supplementation reduced the risk of toxic kidney damage often 
seen with that drug.?° Cisplatin-induced kidney injury is seen is 
roughly 30% of the patients who receive this drug. Also, an 
animal study (mice) showed that magnesium supplementation 
blocked cisplatin-induced injury and even improved the 
cisplatin-mediated tumor killing.?! Another magnesium salt 
was also shown to help protect the liver from the toxicity of 
another chemotherapy drug, oxaliplatin, in mice and in cultured 
human liver cells.?7 

Y Intraperitoneal injections of magnesium into rats prevented and 
reversed the laboratory and microscopic evidence of kidney 
toxicity when cadmium (a toxic metal) was injected at the same 
time.?? In another study on cadmium toxicity in the rat, 
magnesium was shown to be able to prevent and reverse 
damage to the testis.°* Magnesium has also been shown to 
protect against cadmium toxicity in the rat liver.?° Another rat 
study showed that the parameters of increased oxidative stress 


in the plasma induced by cadmium were lessened by 
magnesium administration.*© 

In rats exposed to endotoxins, greater magnesium deficiencies 
were associated with increased toxin-related lethality. The 
study also showed that magnesium replacement therapy 
provided significant protection against death from endotoxin 
exposure.” In mice, pretreatment with magnesium protected 
the liver from the acute injury mediated by lipopolysaccharide 
(an endotoxin) in a model of sepsis.?° A cell study showed that 
magnesium could prevent lipopolysaccharide-induced cell 
death.°? Conversely, in another cell study, a deficiency of 
magnesium was shown to increase the inflammation-inducing 
capacity of lipopolysaccharide exposure, while a high 
magnesium concentration at least partially inhibited the 
inflammatory response.100-101 

A magnesium salt was shown to attenuate the toxic effects of 
carbon tetrachloride on the livers of rats.!° 

In both animal (rat) and cell models, a magnesium salt 
(isoglycyrrhizinate) was found to reduce liver-related toxicity 
from the Chinese herb, triptolide. It was also noted that this 
magnesium compound is used clinically in China to treat both 
chronic viral hepatitis and acute drug-induced liver injury.'°° 

In pregnant rats, a magnesium compound was shown to protect 
against liver damage caused by paracetamol and ethanol.!* 

In carbon monoxide-poisoned rats, magnesium sulfate 
administration not only effectively treated the associated ECG 
abnormalities, but it also decreased the degree of cell death 
(necrosis) in the animal hearts.!°° In another rat study, 
magnesium reduced necrosis and oxidative stress in carbon 
monoxide-poisoned animals compared to controls who did not 
receive magnesium. 106 

A dog acutely poisoned with barium (heavy metal) and that 
presented with generalized flaccid muscle paralysis and an 
irregular heart rhythm was treated effectively with magnesium 
sulfate, along with potassium chloride (presentation included a 


very low potassium level) and supportive care.” 


v 


Oral magnesium sulfate was effective in helping some mice to 
survive after they were given known lethal doses of sodium 
fluoride, and a higher dose was more effective than a lower 
dose. 108 

Magnesium (with zinc) decreased the toxic effects of lindane 
(insecticide) poisoning on the liver and brain in exposed rats.!°° 

In plants as well, magnesium has been shown to exert 
protective effects against toxins and heavy metals. One study 
demonstrated that magnesium relieved the adverse effects of 
lead on growth and the effectiveness of photosynthesis on plant 


seedlings. /1° 


Conclusions 


All of the positive effects of magnesium ultimately relate to its ability to 
reduce oxidative stress throughout the body, especially in the intracellular 
space. The different ways in which magnesium results in this effect include 
the following: 


1. 


Nn NN 


2. 


Magnesium is a powerful calcium channel blocker and calcium 
antagonist in general. As increased intracellular levels of 
calcium are the direct cause of the increased intracellular 
oxidative stress seen in all toxin-inflicted damage, anything that 
reduces or normalizes these calcium levels will improve or even 
completely resolve the clinical syndrome arising from the toxin 
or poisoning. Magnesium works to normalize intracellular 
calcium levels by at least three mechanisms: 

Blocking the transmembrane calcium channels that allow the 
uptake of calcium into the cell 

Inhibiting the transfer of calcium from storage sites in the cells 
into the cytoplasm 

Supporting the normal enzyme function needed to actively 
push calcium out of the cells 
Magnesium directly works to shorten the abnormally prolonged 
QTc intervals seen with many poisonings and accounting for 
many deaths seen early-on. The positive impact on magnesium 
on the cardiac cells also results in a prompt lessening or 


elimination of any cardiac arrhythmia or abnormal heart 
contractions resulting from the acutely poisoned state. 
Magnesium also appears to have its rhythm-stabilizing effect 
when QTc prolongation is not present. QTc prolongation just 
generally reflects the times when cardiotoxic effects are most 
pronounced and dangerous. 

3. As magnesium actively lowers cellular calcium uptake and 
promotes cellular calcium extrusion, the decreased oxidative 
stress further facilitates the ability of vitamin C to be 
assimilated into the cell. 

4. Without having the mechanisms clearly defined, magnesium 
has been repeatedly demonstrated to decrease oxidative stress 
related to many different toxin exposures in man, animals, test 
tube, and plants. Some studies show that oxidative damage is 
not only prevented, but repair of oxidative damage is also 
supported and accelerated. 

5. Magnesium supports the immune system and increases 
phagocytic capacity, making it especially important in resolving 
the clinical syndromes resulting from toxins produced by 
pathogens (see Chapter 11). 

6. In poisonings by orally-ingested toxins, oral magnesium 
administration can sometimes bind toxins (certain forms) and 
prevent further absorption. All oral forms can accelerate the 
elimination of unabsorbed toxins into the stool (cathartic 
effect), while allowing some magnesium to be absorbed 
systemically as well. 

7. Magnesium interferes as well with the accumulation of some 
toxins. !!! 

8. Magnesium supports and improves the effect of Nrf2 (a 
nuclear factor that increases the expression of multiple 


antioxidant enzymes in the cell).!!¢ 


There is absolutely no sound scientific reason for not routinely including 
magnesium administration in the optimal treatment of all poisonings and 
intoxications, whether acute or chronic in nature. Quite the contrary, the 
information in the medical literature indicates that a treating physician is 
medically negligent not to include magnesium (and vitamin C) in all patients 


suffering from any degree of toxin exposure. 


Infection Protection 


Magnesium and Pathogens 


Magnesium and Polio 


While magnesium remains greatly underutilized in the treatment of a 
wide range of medical conditions, it is gradually becoming a more common 
nonspecific positive “health tonic? added to an increasing number of 
intravenous infusions given around the world. And as the theme of this book 
has repeatedly emphasized, getting as much magnesium to accumulate inside 
the cells over time is a highly desirable goal, short of the limited number of 
scenarios where magnesium assimilation can be pushed to toxic levels (see 
discussion of these scenarios in Chapter 18). 

As has been discussed, an infectious disease does its damage by ramping 
up oxidative stress throughout the body. Virtually everything associated with 
an infection’s progression increases the presence of pathogen-related toxins, 
both in the extracellular and intracellular spaces. These toxins are always 
pro-oxidant. 

Except for the possible structure-altering characteristics of some 
infections (like focused oxidation that eventually erodes into a blood vessel 
with hemorrhagic and even fatal consequences), an infection only 
incapacitates to the degree that it depletes available antioxidants. This means 
that vitamin C levels can drop to the point of being extremely low and even 
immeasurable with standard urine testing. Interestingly, magnesium levels 
appear to drop in concert with the vitamin C decline, which suggests a strong 
therapeutic synergy between vitamin C and magnesium in the normalization 


of previously elevated intracellular oxidative stress (IOS). When elevated 
IOS can be restored to normal levels, intracellular physiology normalizes, 
and the cell can be essentially regarded as cured. This is true whether it was 
an infection or another toxin source that elevated the IOS in the first place. 
Furthermore, at the point that the IOS has been normalized, it can reliably be 
assumed that the immune system has effectively neutralized and/or killed the 
infecting pathogens. That’s because the normalization of IOS cannot really be 
achieved and maintained as long as active pathogen proliferation is taking 
place. 


When elevated IOS can be restored to 
normal levels, intracellular physiology 
normalizes, and the cell can be 
essentially regarded as cured. 


Vitamin C can attack pathogens directly by increasing their internal 
oxidative stress to the point of pathogen rupture or inactivation via 
upregulation of the Fenton reaction inside the cells. As already discussed, 
vitamin C also enhances the capacity of all the immune cells by concentrating 
inside them and allowing them to supply a greater immediate antioxidant 
delivery to areas of focal infection and inflammation. In a more indirect way, 
magnesium can combat infections by increasing the phagocytic (engulf and 
destroy) capacity of the scavenging white blood cells. 

Regarding magnesium’s pathogen-fighting qualities, a review of some 
older literature reveals that magnesium chloride alone, given orally several 
times daily, has cured acute polio, even when significant paralysis had 
already developed (see below).'* The physician reporting these stunning 
results, Dr. Auguste Neveu, also found magnesium chloride to be highly 
effective against other infections as well, including in animals.*+ Another 
author also wrote on the effects of magnesium chloride on infectious diseases 
in animals and humans.” 

Almost certainly, this anti-pathogen effect occurs because, like vitamin C, 
magnesium can independently and promptly normalize the ever-present 
pathology of increased IOS present in toxin exposures of any origin, 
including from infectious diseases. For this reason, it has already been 


suggested that magnesium and vitamin C would make great therapeutic 
partners. The additions of insulin and hydrocortisone to such a combo should 
further accomplish the goal of rapidly normalizing IOS, largely due to their 
ability to get more vitamin C and magnesium inside the cells, while lowering 
elevated intracellular calcium levels. Protocols featuring various 
combinations and doses of these agents, especially when sex hormone and 
thyroid hormone statuses are completely normal, might well prove to be 
profoundly more effective than any other anti-infection and antitoxin 
protocols to date. 


In a more indirect way, magnesium can 
combat infections by increasing the 
phagocytic (engulf and destroy) capacity 
of the scavenging white blood cells. 


Protocols featuring various combinations 
and doses of these agents, especially 
when sex hormone and thyroid hormone 
statuses are completely normal, might 
well prove to be profoundly more 
effective than any other anti-infection 
and antitoxin protocols to date. 


For many infections, it seems likely that the synergy of vitamin C and 
magnesium is largely achieved because it accomplishes the desired goal of 
decreasing elevated IOS by different mechanisms. Vitamin C, as the premier 
antioxidant in the body, directly lowers IOS the more it can be delivered 
inside the toxic/damaged/infected cells. Magnesium, even though it is not 
known as having a direct antioxidant effect, promptly brings down elevated 
cytoplasmic calcium levels inside damaged or infected cells, which in turn 
promptly lowers IOS as well. 


Magnesium-Polio Case Report Summaries 


1. The first case of polio treated by Dr. Neveu was a four-year-old 
boy in September of 1943. It was noted that the infection was of 
rapid onset. The child was crying, would not eat, and he was 
unable to stand on his left leg. Dr. Neveu mixed 5 grams of 
magnesium chloride in 250 cc of water. 80 cc doses were given 
orally at 1 pm and again at 4 pm. At the time of the second 
dose, the state of leg paralysis was already considered to be 
“complete.” Another dose was given 3 hours later. The next 
morning both the paralysis and the fever that had been present 
were resolved. There was no return of symptoms. This 
represented a complete cure with less than 24 hours of 
receiving magnesium chloride treatment, as there was no report 
of relapse or continued illness. 

2. Dr. Neveu treated his second case of polio two years later. He 
saw an 11-year-old boy with headache, discomfort in the neck 
and the back, and an inflamed throat with reported difficulty in 
just swallowing saliva. He reported that his legs had no feeling, 
and that they seemed as if they were made of wool, with a 
complete inability to stand up. He had upper arm pain, and his 
eyes were very sensitive to light. Rectal temperature was 102°F. 
e Dr. Neveu prepared a solution of magnesium chloride with 

20 grams dissolved in a liter of water. The child had been 
stricken suddenly that morning and was receiving his first 
dose of magnesium chloride, 125 cc orally, early that 
afternoon, with follow-up doses every six hours. Evening 
temperature had increased to 103°F. 

¢ The next day morning temperature was 100.1°F and 
evening temperature was 101°F. The child had slept well 
the first night, all symptoms had generally lessened, and he 
was able to stand up when he awoke. He asked for food 
the second night. 

e The following day (48 hours after onset of symptoms) 
morning temperature was 99.3°F and evening temperature 
was 99.8°F. Overall condition was clearly improved, and 
the magnesium dosing frequency was decreased to 125 cc 
every eight hours. 


3. 


4. 


e The next day it appeared that the child had been largely 
cured of his condition, although it was noted that he was 
still slightly sensitive to light. Dosing was continued at 
125 cc every eight hours. 

¢ The next day (four days after being stricken) recovery was 
deemed complete, and magnesium therapy was 
discontinued. The following day showed a morning 
temperature of 98.6°F and an evening temperature of 
99.4°F. 

The third case reported on by Dr. Neveu was a 47-year-old 

woman who presented with complete paralysis in the right 

lower leg and in the lower back. A complete cure was observed 
on the magnesium therapy, but it required 12 days of treatment. 

A 13-year-old boy had an abrupt onset of chills with shivering 

and headache. Temperature was 40°C (104°F). The next day the 

temperature was 38.8°C, and there was severe pain in the head, 
neck, and back. His eyes could not tolerate light (photophobia). 

The temperature rose back to 40.4°C. The boy’s physician (not 

Dr. Neveu) told his mother that he suspected the child 

contracted polio, and that he would check back in two days. 

The following morning the mother said all symptoms were even 

more severe. She had seen an article about Dr. Neveu and his 

magnesium therapy and convinced him to see her son at home. 

Dr. Neveu termed the child’s condition a “swiftly progressing 

poliomyelitis,” and he gave the child his first dose of 125 cc of 

the magnesium chloride solution (20 grams in one liter of 
water), to be repeated every six hours. Temperature was still 
39.6°C at that time. The following morning the head, neck, and 
back pain had subsided. Morning temperature was 37.1°C and 
evening temperature was 37.8°C. The child began to engage in 
normal activities. On the following day only two doses of the 
magnesium were taken, and the return of slight head discomfort 
was noted, along with a temperature back up to 38.2°C. Three 
doses were taken the next day, and the following day the 
magnesium was discontinued with morning temperature of 
37.2°C and evening temperature of 37°C. There was no return 


10. 


11. 


of symptomatology, as a complete cure had been achieved. 

A 9-year-old boy presented with right lower leg paralysis. He 
was completely cured by Dr. Neveu with one week of 
magnesium therapy. 

A 13-year-old girl presented with stiffness in the back and with 
lower limb nervous trembling. The magnesium administration 
resulted in a rapid clinical response. The parents decided to 
discontinue the magnesium, and Dr. Neveu later restarted it, but 
the child ended up keeping a paralysis of the extensor muscle of 
her left big toe, probably because of the interruption in the 
treatment. 

A 20-year-old woman presented with a persistent headache that 
progressed to vomiting and a stiff neck and back. The family 
physician suspected polio. The pain became so severe that the 
patient threatened to commit suicide. After the first dose of 
magnesium given by Dr. Neveu, the woman had enough pain 
relief to allow her to sleep. A complete cure was realized with 
12 days of magnesium therapy. 

A 3-year-old girl had been hospitalized for polio and was later 
discharged to home with paralysis in both legs. Magnesium 
therapy was started a full 25 days after the polio was 
contracted. After two weeks of treatment, a great deal of leg 
mobility had returned. Following physical rehabilitation, she 
remained with a slight limp. 

A 20-year-old male farmer presented with paralysis in both legs 
and in the right arm. Magnesium was started 32 days after the 
initial polio attack. He responded well, and he was able to walk 
with crutches after four months of treatment. Two years later he 
could walk with just the assistance of a cane. 

A 19-year-old woman who first saw Dr. Neveu four months 
after the initial polio attack. Her left leg was not only 
paralyzed, it had also begun to atrophy (muscle wasting). She 
was treated for 15 days with the magnesium and demonstrated 
marked improvement of the leg. She was eventually able to 
ride a bicycle and walk with a limp. 

A 2-year-old girl who received magnesium treatment 17 days 
after the initial polio attack. When first seen she was unable to 


stand and could not move her right arm. While her legs 
regained completely normal function, her right shoulder 
remained paralyzed. 

12. A 4-year-old girl with right arm and right leg paralysis who 
received magnesium treatment 10 days after the initial polio 
attack. She eventually had a dramatic return of arm and leg 
function, but with only roughly 60% of normal strength. 

13. A 2%-year-old boy was started on magnesium therapy 10 days 
after diagnosis. The abdominal paralysis improved 
significantly after two days, and a complete recovery was seen 
after 2⁄2 months. 

14. A 20-month-old male infant was diagnosed with polio that was 
confirmed by spinal tap 12 days after onset of the clinical 
syndrome. His left foot was completely paralyzed, but he 
responded to magnesium well and was nearly normal after five 
months, but required the support of orthopedic shoes. 

15. A 12-year-old girl presented to Dr. Neveu immediately after 
the onset of sore throat and stiff neck. Magnesium was started, 
but the stiffness increased and went down the spine at first. 
However, with continuation of the magnesium, the stiffness 
had resolved by the next morning. The sore throat was gone 
the following morning. 


Magnesium and Medical Politics 


If taken at face value, believing that Dr. Neveu is competently and 
accurately relating his experiences with magnesium chloride and the 
treatment of polio, the potential public health impact of his work is 
enormous. There are few agents as cheap and as widely available as 
magnesium chloride. However, whenever evaluating whether a therapy will 
be adopted, no matter how incredibly effective and safe it might be, its 
potential economic impact on other traditional therapies is really the primary 
factor to be considered. Incredibly rich pharmaceutical companies will not 
just step aside and permit or facilitate the use of something that can end up 
costing them hundreds of millions to billions of dollars as their many toxic 
and expensive drugs go unprescribed. The ignoring and even active 
suppression of such highly effective therapies as vitamin C has been going on 


for nearly 80 years now, in spite of it being one of the most highly researched 
and publicized therapeutic agents on the planet. This is discussed in great 


detail in another book.® 


Just as vitamin C has effectively treated 
many diseases and has reliably cured 
polio and many other infectious diseases, 
it would appear that magnesium chloride 
has perhaps as great, or possibly 
even greater, a role in the treatment 
of such diseases as vitamin C. 


Also, while all forms of magnesium are 
of benefit to the general health of the 
body and the treatment/prevention of a 
wide array of diseases, the anti-pathogen 
capabilities of magnesium have been best 
documented with magnesium chloride. 


It should come as no surprise that something as cheap and effective as 
magnesium chloride has been ignored and dismissed for an even longer 
period of time. Just as vitamin C has effectively treated many diseases and 
has reliably cured polio and many other infectious diseases,”!* it would 
appear that magnesium chloride has perhaps as great, or possibly even 
greater, a role in the treatment of such diseases as vitamin C. However, as all 
diseases and toxins consume vitamin C, there is no good reason not to 
approach all medical conditions, infections, and infectious diseases with a 
protocol that includes both magnesium chloride and vitamin C, regardless of 
whatever else is being used to treat the patient. 

Also, while all forms of magnesium are of benefit to the general health of 
the body and the treatment/prevention of a wide array of diseases, the 
antipathogen capabilities of magnesium have been best documented with 
magnesium chloride. Even though other forms might do as good a job against 


pathogens, this has not been clearly established in the literature. For example, 
one article showed that magnesium sulfate protected the measles virus from 
heat-induced inactivation, while magnesium chloride enhanced the 
inactivation of the virus at all temperatures tested.!° It would appear that the 
anion (sulfate or chloride, in this instance) plays an important role in the anti- 
infection capacity of a magnesium compound. This is also seen with sodium 
associated with chloride, as many sodium compounds do not have a 
substantial antibacterial activity, while sodium chloride (as in a throat gargle 
for sore throat) does. 

It is also very important to realize that cell studies can be very misleading, 
as magnesium chloride has an astoundingly positive clinical impact in cases 
of polio, as noted above. Yet, the ability of some viruses (poliovirus, 
echovirus, coxsackievirus) to kill cells in agar models in vitro is enhanced by 
the presence of magnesium chloride.'* Obviously, the clinical study remains 
the most significant, as the resolution of an infection is the criterion of most 
importance regardless of what a cell study might show. Sometimes cell 
studies are of enormous practical value, but they should never take priority 
over a contradictory, positive result in a clear-cut clinical outcome study. 


Magnesium and Pathogens 


Although Dr. Neveu wrote books about his experiences with infections 
and magnesium chloride, it does not appear that he published any papers that 
were published in a peer-reviewed fashion, or at least such studies were not 
found. Pierre Delbet, MD, a professor of clinical surgery, was one of Dr. 
Neveu’s teachers, and it appears that he was Neveu’s inspiration to using 
magnesium chloride and writing about its stunning clinical impact. 


Dr. Delbet found that magnesium 
chloride left tissue undamaged while 
effectively destroying pathogens and 

greatly enhancing the phagocytic 

capacities of the immune system. 


Dr. Delbet began his work with magnesium chloride in the early 1900s 


during World War I, as he was looking for an agent that would effectively 
clean and treat the wounds of the soldiers. Common wound treatments at that 
time were known to damage tissue along with the antiseptic effect. Dr. Delbet 
found that magnesium chloride left tissue undamaged while effectively 
destroying pathogens and greatly enhancing the phagocytic capacities of the 
immune system. After World War I, Dr. Delbet began looking at the effects 
of ingested magnesium chloride as well. 

Dr. Delbet, in collaborat ion with a Dr. Karalanopoulo, submitted a paper 
to the French Academy of Sciences in September of 1915 entitled 
Cytophylaxis. The paper addressed the abilities of phagocytic white blood 
cells to effectively destroy pathogens in the blood. Using his own in vitro 
technique, Dr. Delbet mixed pathogens and white blood cells of defined 
numbers in a variety of solutions. Many of the solutions damaged the cells as 
well as the pathogens. Eventually, he found that sodium chloride was one of 
the best solutions for pathogen killing while leaving the immune cells 
undamaged. He then used a magnesium chloride solution and found it to be 
much more effective in killing pathogens. He found magnesium chloride to 
be an effective wound treatment solution, and he also found that magnesium 
chloride injected into a dog caused the phagocytic cells that were later 
harvested to have an enhanced pathogen-killing capacity by 100% to nearly 


400%, depending on the experiment.!>!® 


...magnesium chloride injected into a dog 
caused the phagocytic cells that were 
later harvested to have an enhanced 
pathogen-killing capacity by 100% to nearly 
400%, depending on the experiment. 


Dr. Neveu proceeded to use magnesium chloride for a wide variety of 
infections and medical conditions. While there are no papers to specifically 
cite, Dr. Neveu found that magnesium chloride was very effective in treating 
all infections he encountered in his practice, including diphtheria as well as 
polio. Dr. Neveu’s wife continued his work with magnesium chloride after he 
passed. Anecdotally, the “Delbet-Neveu” magnesium chloride protocol was 
found to be effective in treating meningitis, tetanus, toxin exposures, 


tuberculosis, asthma, bronchitis, pneumonia, tonsillitis and pharyngitis, the 
common cold, pertussis, measles, rubella, mumps, scarlet fever, 
osteomyelitis, and infected wounds. 

Raul Vergini, MD also worked a great deal with magnesium chloride for 


a wide variety of conditions.!’ He used a great deal of magnesium chloride 
intravenously (and he emphasized it had to be magnesium chloride, not any 
other form). The intravenous “formula” was to use a 25% solution of 
magnesium chloride hexahydrate (25 grams in 100 cc distilled water, 
sterilized). Doses of 10 to 20 cc were given intravenously slowly, over a 
period of 10 to 20 minutes, once or twice a day). Intramuscular 
administration was not advised, due to the pain of the injection. The oral 
approach was as follows (2.5% solution, 25 grams in 1000 cc of water): 


Adults and children over 5 years: 125 cc 


A Years 5 iss otcntaaeieenaaed 100 cc 
J yearS sana care weed Gana es 80 cc 
1 to 2 years: .....sssessssssesos 60 cc 
6 months to 1 year:............. 30 cc 
Under 6 months ............... 15 cc 


Y_ For chronic diseases, this oral route was often administered 
twice daily for months or even years. 

Y For acute diseases and infections, administration was every six 
hours. 

Y For disease prevention, administration was once a day, 


indefinitely.'® 


Multiple other studies using different 
forms and applications of magnesium 
agents, especially in the context of bone 
infections and implant-related infections, 
have consistently shown the broad anti 
pathogen properties of magnesium. 


While clinical studies that directly try to measure the impact of 


magnesium chloride and other forms of magnesium on infection and 
infectious diseases have not been found, there is a modest amount of research 
from which some logical assertions can made about the therapeutic impact of 
magnesium on pathogens, aside from the extensive anecdotal evidence 
presented above. 

In animals, pure magnesium granules implanted into models of 
osteomyelitis accelerated new bone growth while lowering the pathogen 
count in the bone.'? Multiple other studies using different forms and 
applications of magnesium agents, especially in the context of bone 
infections and implant-related infections, have consistently shown the broad 
anti-pathogen properties of magnesium.*°-*° It should also be noted that acute 
and chronic bone infections are especially resistant to effective treatment. 

Magnesium is a known cofactor in natural killer cell and T-cell reactivity, 
and it appears important in preventing infections from getting started, as low 
serum magnesium levels were found to be associated with an increased risk 
of infection after kidney transplantation.*° Similarly, patients with low 
magnesium levels on admission to the hospital had an increased risk of 
developing septic shock.?” In an animal model of pneumococcal meningitis, 
magnesium chloride improves animal survival and clinical condition, 
lessening the impact of the infection-related toxin, pneumolysin.7® 

Magnesium has also been shown to be effective against different types of 
pathogens. Not surprisingly, in light of the response of polio cases to 
magnesium chloride therapy, different forms of magnesium have proven to 
have antiviral effects. Magnesium has demonstrated significant antiviral 
activity or viral protection against enterovirus, the virus of hoof-and-mouth 
disease (animals), hand, foot, and mouth disease (children), and Epstein-Barr 
virus.*?°* Magnesium has also been demonstrated to be anti-pathogenic 
against protozoa, yeasts, and other bacteria.*?-°° 


RECAP 


1. While not extensively documented in the medical/scientific 
literature, Magnesium, especially in the form of magnesium 
chloride, appears to be a powerful anti-pathogen agent, both 
independently and in combination with other agents. 
Anecdotally, it appears to be significantly effective against 


nearly all acute infectious diseases. 

2. Magnesium chloride has been reported to be enormously 
effective in consistently curing polio, as well as in dramatically 
reducing the severe side effects (such as muscular paralysis) 
when given as long as months after the infection was acquired. 

3. Magnesium appears to strongly support the phagocytic capacity 
of white blood cells. 

4. There are simple and very inexpensive protocols for 
administering magnesium chloride either intravenously or 
orally, both for the treatment of infection and diseases, as well 
as for infection and disease prophylaxis. 


Dynamic Cellular 
Defense 


Dealing with Oxidative Stress 


The medical dictionary definition of inflammation calls it “a protective 
response elicited by injury or destruction of tissues, serving to neutralize the 
injurious agent while attempting to repair, or allow to be repaired, the injured 
tissue.” This definition does not clarify how the injurious agent is inflicting 
its damage, or how the protective response is nullifying that agent or 
repairing the tissue damage. 

Inflammation is a hot topic, much continues to be written about it, and 
many research studies examine its relationship to a wide variety of medical 
conditions and diseases. Nevertheless, little effort has been made to define 
what is happening at the molecular level when inflammation is present. 

The physiology of inflammation at the molecular level will be discussed 
here. Protocols designed to relieve inflammation based on that physiology 
along with specific therapeutic agents will be addressed in a separate chapter. 


Increased Oxidative Stress 


Increased oxidative stress is a state of imbalance that occurs when the 
number of electrons being stolen from biomolecules (oxidation) is growing 
faster than available free electrons can replace them (reduction). In the same 
way that rust (oxidation) compromises the integrity of iron, the oxidation of 
biomolecules impairs or prevents them from performing their normal 


biochemical functions. When enough biomolecules are oxidized, a disease or 
medical disorder exists. The clinical identity of the disease depends entirely 
on where the oxidized biomolecules are located, the percentage of them that 
are oxidized in a given tissue, how long they have been oxidized, and, of 
course, which types of biomolecules have been oxidized (sugar, protein, fat, 
structural molecule, enzyme, RNA, DNA, and all the associated “support” 
molecules). In other words, it is no exaggeration to boldly state: 


In the same way that rust (oxidation) 
compromises the integrity of iron, the 
oxidation of biomolecules impairs or 
prevents them from performing their 
normal biochemical functions. When 
enough biomolecules are oxidized, a 
disease or medical disorder exists. 


Excess oxidation IS disease. 


Many scientific articles assert that excess oxidation, or increased 
oxidative stress, causes disease, and to a significant degree this is true. 
However, it is much more accurate to regard disease of all varieties as 
BEING the increased oxidative stress and not just resulting from it. This 
understanding also completely explains why diseases occur, what diseases 
occur, what alleviates diseases, and even what might completely resolve 
some diseases (including many diseases for which little or no effective 
therapy exists today). 

Increased oxidative stress always exists when the production of oxidizing 
agents (free radicals and other unstable electron-depleted molecules) exceeds 
the antioxidant capacity of the body to neutralize (reduce) them, or to prevent 
their production/accumulation in the first place.! In other words, increased 
oxidative stress occurs when the physiological state of a given area of the 
body is being oxidized at a greater rate than it is being reduced. This is the 
foundational concept in Redox (Reduction-Oxidation) Physiology. Some 
very important basic redox facts include the following: 


Pro-oxidants take electrons away from biomolecules (oxidation) 
Antioxidants donate electrons back to oxidized biomolecules 
(reduction) 

Oxidized biomolecules are either unable or have reduced ability 
to perform their normal biochemical function. 

Reduction of oxidized biomolecules restores their normal 
biochemical function. 

All toxins are pro-oxidants, or at least cause oxidation to occur 
indirectly. 

All negative physiological and clinical effects of toxins are due 
to the location and the quantity of oxidized biomolecules, 
which types of biomolecules have been oxidized, and how long 
they have been oxidized. 

Infections and areas of pathogen growth are the greatest sources 
on ongoing toxin (pro-oxidant) production/exposure. 

Any food or supplement is only beneficial to the body to the 
degree that it ultimately results in antioxidant (electron- 
donating) capacity at the molecular level. Conversely, to the 
degree that oxidized molecules are assimilated from food or 
supplementation, a toxic effect is realized as those molecules 
seek to have their electron quota restored. 


Vitamin C (ascorbate) is the premier antioxidant in the body and the 
primary player in redox biology in and around all of the cells of the body. 
Because of this, the complete understanding of the biochemistry of vitamin C 
facilitates the formation of a solid foundation for appreciating most of the 
basic physiological concepts essential to administering optimal clinical 
protocols for any disease. And as electrons are literally, not figuratively, the 
primary fuel on which every cell of the body runs, vitamin C also stands out 
as the most important nutrient in the body. All antioxidants have a 
nutrient/electron-donating value, but the chemical structure of vitamin C 
allows for its unique contribution to the overall health of the body. This 


contribution largely occurs because of the following considerations: 


1. Vitamin C is a small molecule very close to glucose in structure 


(and competitively shares the insulin-facilitated transport 


mechanisms into cells with glucose). In vitamin C-producing 
animals, glucose is enzymatically converted into vitamin C. 

2. Vitamin C accesses all the tissues and cells of the body 
(including the nervous system; the blood-brain barrier does not 
effectively impede the access of vitamin C to the nervous 
tissues) 

3. Each vitamin C molecule is capable of donating two electrons 
rather than the single electron provided by many other 
antioxidants. 

4. When vitamin C has donated only one electron, it forms the 
ascorbyl radical, which is relatively stable, and can eventually 
proceed to donate the other electron or be restored by electron 
donation from another electron back to its fully reduced form. 
This intermediate state of vitamin C can effectively be viewed 
as an electron buffer state, able to provide a more rapid source 
of electrons for new toxin-induced oxidative stresses. 

5. Vitamin C, when present in sufficient concentrations in and 
around the cells of the body, can directly promote healthy 
microcurrents, which further optimize cellular health. A 
microcurrent is nothing more than a flow/exchange of electrons 
to a degree that voltage differences can be measured across the 
cell membranes. 

6. The combination of all these qualities of vitamin C make it the 
ultimate nonspecific antitoxin for literally any type of 
poisoning (toxin overdose). No toxin has been discovered that 
vitamin C has failed to neutralized when properly 
administered, either in vivo or in vitro.” 


Probably the best way to view inflammation is to regard it as the 
physiological state resulting from the immune response to areas or tissues of 
the body with substantially increased levels of oxidative stress. As with any 
other compensatory mechanism, the response is designed to relieve the state 
it is reacting to as best as possible. In other words, the goal of the immune 
system response to inflammation is to alleviate that increased oxidative stress 
if at all possible. When the factors precipitating the increased oxidative stress 
are ongoing and unrelenting, the compensatory response will never 
completely repair the oxidized biomolecules in the affected tissues. 


Therefore, the chronic immune response becomes equally unrelenting and 
that response then becomes an integral part of the clinical disease or 
condition. Unfortunately, this reality is often missed because the vast amount 
of scientific literature rarely uses consistent language in its definitions. From 
a practical point of view, however, it can be asserted that: 


Chronic focal vitamin C depletion 
assures the presence of a 
chronic inflammatory immune response. 


Chronic inflammation assures the 
inflamed area is severely 
depleted of vitamin C. 


Conceptually, then, the literature is much easier to understand by 
applying the following generalizations: 


Focal inflammation is focal scurvy. 
Focal scurvy is focal inflammation. 


As vitamin C deficiency becomes more widespread or even body-wide, a 
state of generalized inflammation will always be present as well. 

Laboratory and clinical findings strongly support these definitions and 
generalizations. It has been shown that extremely low plasma levels of 
vitamin C are consistently present in hospitalized patients with significant 
infections and following trauma.** And in addition to the depressed vitamin 
C levels, the blood levels of C-reactive protein (CRP), a reliable index of 
generalized inflammation in the body, are consistently elevated. 

In areas like the coronary artery endothelium, or lining, where 
atherosclerosis eventually develops after the onset of inflammation, a 
severely diminished to measurably absent vitamin C presence will be the 
rule, as pathogen colonization in the endothelium is a strongly pro-oxidant 
factor that will quickly consume any vitamin C stores that might be present. 

The presence of the DNA of multiple pathogens, generally consistent 
with an oral cavity origin, is nearly always present. In one study, pathogen- 


related DNA was present in 38 out of 38 specimens from atherectomy 
procedures on known coronary artery disease patients. Control material from 
postmortem patients without coronary artery disease contained no detectable 


pathogen DNA.° Other researchers have also consistently found oral 


pathogen DNA in both coronary and carotid artery atherosclerotic plaques.°? 
Indeed, in pathology specimens, early investigators found no detectable 


vitamin C at all in some arteries that had been blocked off by blood clots.!° 


SECTION TWO: 


Applying Magnesium’s 
Unparalleled Curative Power 


Curative Treatment 


General Principles 


The recurrent theme throughout this book centers upon increased 
oxidative stress — especially inside the cells — as the singular cause of all 
disease and all medical conditions. Elevated levels of cytoplasmic calcium 
are not only the primary cause of increased intracellular oxidative stress 
(increased IOS), but they are always present during this state. And as the 
evidence presented throughout this book has shown, increased magnesium is 
the natural antidote for elevated cytoplasmic calcium levels. 

This chapter presents a series of treatment principles that all share the 
goal of addressing this universal causation of disease through the lowering or 
normalization of increased IOS. In fact, with virtually no exceptions, all 
effective clinical protocols that truly arrest and/or reverse a disease process 
must ultimately decrease elevated IOS. This must be accomplished with an 
increased antioxidant capacity — to restore (reduce) oxidized biomolecules — 
and/or by slowing the rate of biomolecule oxidation (less new toxin 
exposure). 

Often, prescription drugs that provide symptom relief are only effective 
because they oxidize or otherwise block biochemical pathways that lessen or 
temporarily prevent the manifestation of those target symptoms. With very 
few exceptions, they do not reverse the underlying cellular pathology in 
diseases and medical conditions. Prescription calcium channel blockers are 
the most significant exception to this sad reality. However, as mentioned 
previously, these drugs might decrease sex and thyroid hormone levels, 
meaning these levels must be regularly monitored, with ongoing replacement 


therapy administered as indicated. 


Often, prescription drugs that provide 
symptom relief are only effective 
because they oxidize or otherwise block 
biochemical pathways that lessen or 
temporarily prevent the manifestation 
of those target symptoms. 


Since the objective is to attack the underlying cause of disease (IOS) there 
are multiple ways to achieve true disease alleviation and even disease 
reversal. This is possible when: 


1. antioxidant/nutrient agents can fully access the oxidized 
biomolecules 
— and when — 
2. daily exposure to new oxidizing agents, or toxins, can be 
stopped or markedly reduced. 

While there is an enormous amount of complexity to the many nuances 
and details of biology, medicine, and disease, the underlying cause of disease 
is straightforward, and the essence of the most effective treatment protocols is 
just as clear-cut. 

The overriding message of this book is that: 


1. All disease results from increased IOS, 

2. accompanied with and caused by increased intracellular calcium 
levels, and 

3. strongly opposed and mitigated by increasing magnesium 
assimilation, 

4. as well as by any other intervention that can increase the 
antioxidant capacity inside the cells, especially vitamin C and 
glutathione, 

5. and is always further aggravated by the appearance of new 
pro-oxidants (toxins). 


Therefore, any agent that can directly or indirectly lower elevated IOS 
will be a primary agent for resolving disease and promoting healing. 


Cellular Pathology 


All cellular pathology originates and develops from the presence of 
increased IOS concurrent with rising levels of intracellular calcium. As has 
been demonstrated conclusively,! this increased is always caused by or 
worsened by elevated levels of intracellular calcium. When this oxidative 
stress escalates or becomes chronic, intracellular magnesium levels 
reciprocally decline while the two most important intracellular antioxidants — 
glutathione and vitamin C — are consumed (oxidized) by the elevated IOS. 
Therefore, all effective health-restoring treatment protocols, regardless of the 
disease or condition being treated, are conceptually quite simple. The goal is 
to lessen, and optimally to normalize, elevated levels of IOS by: 


1. Decreasing elevated intracellular calcium levels 

2. Directly increasing antioxidant levels inside those affected cells 

3. Lessening the ongoing exposure of the body to new oxidation- 
inducing toxins 


When the oxidative status of the diseased cells of the body is restored to 
normal or near-normal, a lessening of disease pathology and even a return to 
a normal clinical status can be seen, especially when the onset of the 
increased IOS, or disease state, was relatively recent. Optimal magnesium 
administration would be expected to help achieve this goal in most 
individuals. 

Many chronic diseases, including those that have never before been 
treated from this perspective, can be expected to improve with this approach. 
However, when years or even decades have passed since the onset of the 
disease, countless “layers” of oxidative damage can result in gross structural 
damage that will likely never resolve. 

A heart valve that has deteriorated due to the mechanical breakdown of 
the valve tissue itself along with supporting connective tissues cannot be 
expected to repair itself, at least not with any contemporary approaches. 
Perhaps in the future stem cells and other reconstructive approaches that are 
capable of generating new tissues might overturn this “rule.” At that point in 
time, the essence of aging itself might be effectively addressed and 
significantly slowed. Even then, the need to reduce intracellular IOS through 


the use of antioxidants and by limiting toxin and pro-oxidant exposures will 
always be very important. 


Treatment Principles 


Because all pathophysiology develops as a result of increased IOS, every 
aspect of an optimal treatment protocol should aim to lessen this oxidative 
stress, either directly or indirectly. Furthermore, such an optimal protocol 
should include measures to stop or substantially lessen the ongoing exposure 
to, or production and dissemination of, new pro-oxidant agents (toxins, 
poisons, radiation) throughout the body. Simplified, then, an optimal 
treatment protocol should both: 


PREVENT 
and 
REPAIR 


Conventional medicine protocols are not designed to accomplish either of 
these goals. And integrative/complementary medicine too often only strives 
to repair. Any intervention that can even partially satisfy either or both of 
these goals can be expected to improve, at least to some degree, the 
pathophysiology of the affected cells in a patient. However, until both goals 
are met in as complete a manner as possible, an optimal response cannot 
occur and should not be anticipated. Therefore, an optimal treatment protocol 
seeks by whatever means/mechanisms possible to: 


1. Stop/lessen the exposure to new toxins 

2. Neutralize and/or excrete existing toxins and repair (reduce) as 
many of the damaged (oxidized) biomolecules as possible 

3. Lower or normalize elevated intracellular calcium levels 

4. Increase intracellular and extracellular antioxidant capacity 
(improved extracellular capacity feeds more intracellular 
capacity) 

5. Normalize the levels of the main oxidation-modulating 
hormones (sex, thyroid, cortisol) 


Minimizing Toxin 
Exposures 


Preventing New Damage 


New toxin exposures can emanate from either external or internal 
sources. External toxins are present in a person’s environment and impact the 
body when they are inhaled, ingested, or come into contact with the skin. 
Internal toxins are those produced or accumulated inside the body from 
localized infections or from substances that have concentrated to toxic levels 
in various areas in the body such as in the intestines, lungs, fat stores, or teeth 
(such as mercury in amalgam fillings). 


External Sources 


As every patient has a fairly unique array of external toxin exposures, a 
thorough history should be taken in order to identify and then minimize toxin 
exposure from air, food, water, and any other significant environmental 
sources. The amount of effort expended to avoid a certain source of toxins 
will largely depend on the motivation and economic status of the patient, as 
well as the relative clinical impact of a given toxin source as determined by 
the treating physician. For a number of reasons, a given toxin source can be 
enormously consequential in the clinical status of one patient, while being 
relatively inconsequential in another. This is where the guidance and clinical 
expertise of a qualified integrative medical practitioner can be invaluable. 


An initially surprising yet major 
source of external toxins comes by 
way of dietary supplements. 


An initially surprising yet major source of external toxins comes by way 
of dietary supplements. While most quality supplements have no real 
downside even when generously dosed, there are three notable exceptions. 
Excesses of these three can contribute greatly to increased body-wide 
oxidative stress and inflammation, as well as to increased all-cause mortality. 
A good way to view them is that they are “toxic nutrients,” meaning their 
assimilation is absolutely critical for maintaining good health, but only at a 
level that is substantially lower than the level currently being promoted 
world-wide, especially to the supplementing population. 

These toxic nutrients are: 


Y Calcium 
Y tron 
Y Copper 


All three of these agents, above a minimal intake level, reliably increase 
IOS, which has already been discussed as a clear-cut common denominator 
in both causing and sustaining poor health and chronic disease. Increased 
cellular calcium levels have been shown to always co-exist with increased 
levels of IOS, as both a cause and an effect of that abnormal metabolic state. 
Increased levels of calcium ingestion via excess dairy, along with just about 
any degree of regular calcium supplementation have been definitively linked 
to increased all-cause mortality. This is discussed and analyzed at great 
length elsewhere.! 

Similarly, iron supplementation should never be taken by anybody who 
does not have a documented iron deficiency anemia (very low ferritin level 
with hypochromic, microcytic red blood cells on microscopic examination). 
Even though iron plays an important role as a cofactor in the activation and 
normal function of many enzymes throughout the body, this role requires a 
relatively tiny presence of iron, and supplementation is never needed to fulfill 
this enzymatic function. However, much larger amounts of iron are needed to 
allow the ongoing synthesis of a normal level of hemoglobin in the blood. 


Because of this, it should be realized that if enough iron is present to allow 
the production of normal amounts of hemoglobin, then there is much more 
than enough in the body to sustain its other functions. More is nearly always 
better with substances that have nutrient value, but this is never the case with 
iron. 


Increased cellular calcium levels have been 
shown to always co-exist with increased 
levels of IOS, as both a cause and an 
effect of that abnormal metabolic state. 


Copper increases oxidative stress throughout the body, but especially 
inside the cells, in a similar fashion to iron. But unlike iron, which can 
certainly become deficient in some individuals, a state of copper deficiency in 
the body is so rare as to be virtually nonexistent. Because of this, any amount 
of supplemented copper is too much, and it will reliably increase the level of 
body-wide oxidative stress to some degree, depending on the level of 
increased exposure to this agent. 

The truly sad aspect of these three toxic nutrients is that so many people 
take them to make themselves healthier. And, in spite of this noble goal, they 
are making themselves sicker and more prone to the development and 
worsening of all the chronic degenerative diseases, including the big killers: 
heart disease and cancer. Supplementing these agents is very much a “self- 
inflicted” wound to the body as they always increase oxidative stress, which 
is a state that must always be avoided or minimized at all costs. Statistically 
speaking, these toxic nutrients are probably second only to oral cavity focal 
infections and toxins in their detrimental impact on the public health. 


Supplementing these agents is very 
much a “self-inflicted” wound to the 
body as they always increase oxidative 
stress, which is a state that must always 
be avoided or minimized at all costs. 


The “threat” of an iron deficiency 
epidemic was exchanged for a rampant 
“plague” of chronic iron overdose. 


Iron, in particular, has been thrust upon the “developed” populations of 
the world for over 70 years in the most unbelievable and insidious of 
fashions. In the 1940s, the public health authorities of the United States 
finally decided that the babies and children (and apparently, the rest of the 
overall well-fed US population) needed protection against what was 
perceived as an epidemic of iron deficiency around the world. However, this 
“epidemic” was only occurring in the most malnourished of populations. 
Nevertheless, it was decided that the population of the United States needed 
protection against this “grave” threat of iron deficiency. Beginning in 1941, 
virtually all of the grains in foods sold in the United States had iron and three 
B vitamins added to them.* This was termed “enrichment” or “fortification” 
of these food products. And this enrichment has continued to this day, 
unabated. The “threat” of an iron deficiency epidemic was exchanged for a 
rampant “plague” of chronic iron overdose. 

Iron, in general, increases oxidative stress wherever it is found. Any 
chronic increase in iron intake beyond the regular amounts found in good 
food chronically inf lames the gut and aggravates the stomach lining. In 
multiple animal studies iron supplementation has been shown to reliably 
increase oxidative stress and inflammation in the gut and elsewhere.*-” 

In pregnant women, it has been shown that pregnancy itself is associated 
with increased oxidative stress, which is further worsened by iron 
supplementation.®? Even in pregnant women with an anemia due to iron 
deficiency, iron supplementation should be closely monitored and minimally- 
dosed. Just minimal iron supplementation can readily provoke and sustain an 
increased oxidative stress that elevates the risk of maternal complications 
such as gestational diabetes. In other words, administration of iron in any 
amount can exert a harmful toxic impact even in the face of a clear-cut 


diagnosis of iron deficiency anemia.!°"! 


Iron supplementation should never be started nor continued 


indefinitely in any woman, pregnant or not, in order to 
“prevent” an iron deficiency anemia from developing. And it 
should never be a routine supplement to any degree in men. 


Once an iron deficiency anemia has been resolved, all iron 
supplementation should promptly be discontinued. 

Even with the existence of all of this research unequivocally documenting 
the toxicity of iron, it continues to be routinely supplemented in pregnant 
women, even when they are not anemic. It also remains in many multivitamin 
supplements dosed on a daily basis solely for the purpose of promoting good 
health. Old medical habits die hard, and often not at all, in spite of mountains 
of evidence supporting a needed change in practice. 


Just minimal iron supplementation 
can readily provoke and sustain an 
increased oxidative stress that elevates 
the risk of maternal complications 
such as gestational diabetes. 


It is rarely advisable to give any agent, much less one with known 
toxicity above certain levels of intake, to 100% of the population. Adding 
iron to mainstay foods such as grains, flours, and cereals (always labeled with 
“enriched” or “fortified”) exposes nearly everyone to iron overload. There are 
literally millions of individuals around the world who have medical 
conditions caused by, associated with, or simply aggravated by excessive iron 
ingestion.!*"'4 The last thing these individuals need is any additional iron 
intake, regardless of its form. Many other individuals who do not already 
have defined disorders due to iron excess but are also not iron deficient are 
still put at risk by additional sources of supplemented iron for a wide variety 
of medical conditions. These include heart disease, endocrine disorders, 
infectious disease, cancers, bone disease, pulmonary disease, and 
neurological conditions.!° 

Sadly, this obsession with getting more people to ingest more iron has 
even resulted in foods such as rice being genetically engineered to contain 


more iron. As long as these new rice forms are ingested by just extremely 
poor, malnourished populations, possibly more good than harm to the public 
health could be anticipated.'®!” However, the otherwise well-nourished 
populations should stick with unenriched rice, optimally grown in an organic 
fashion. 


To make matters even worse for the 
promotion of body-wide increased 
oxidative stress and inflammation, 
the form of much of the government- 
recommended iron enrichment has been, 
and continues to be, metallic iron filings. 


Not surprisingly, excess iron is also well-documented to have the same 
association with increased intracellular calcium that it has with body-wide 
increased oxidative stress in general. In a cell study, the administration of 
iron resulted in a striking increase in intracellular calcium levels. Iron has 
also been shown to feed the increased calcium levels seen in diseased 
neuronal cells.!9-*! 

The best approach for treating increased intracellular calcium levels 
caused by iron excess and to promptly lessen the symptoms of an associated 
disease process is to decrease iron intake while supporting iron elimination. 
Simultaneously, restoration of depressed magnesium levels inside calcium- 
toxic cells should still be done to lessen cytoplasmic oxidative stress as 
rapidly and completely as possible. 

To make matters even worse for the promotion of body-wide increased 
oxidative stress and inflammation, the form of much of the government- 
recommended iron enrichment has been, and continues to be, metallic iron 
filings (go to YouTube: type in “Iron in cereal”). In case there is any 
uncertainty, it is never an appropriate or even remotely healthy practice to 
ingest any metal in its elemental form, much less the highly pro-oxidant iron. 
It is the role of plants to convert such metals or elements into a biologically 
available, ingestible food form. Iron simply should never be consumed in its 
unaltered and completely reduced metallic state. 

It is also important to realize that iron can be readily overdosed in all of 


its supplemental forms as well, even when it is not in a completely reduced, 
metallic form. However, ingesting iron in its metallic form on a regular basis 
just makes a toxic practice even more toxic. 


Tron in the form of metallic iron 
filings simply magnifies the iron- 
fueled inflammatory reaction of the 
gut to an even greater degree than 
would be seen with iron in its other 
supplemental, medicinal, or food forms. 


Iron in the form of metallic iron filings simply magnifies the iron-fueled 
inflammatory reaction of the gut to an even greater degree than would be 
seen with iron in its other supplemental, medicinal, or food forms. Even in a 
prescription form, iron has been shown to induce cellular inflammation. 
However, isolated “pieces” of metallic iron greatly compound the injury by 
adding a foreign body reaction to the assault. And chronic inflammation of 
the gut lining ultimately leads to — and becomes indistinguishable from — the 
gut pathology seen in the leaky gut syndrome. Once the gut becomes leaky, 
then all of the different forms of food allergy and autoimmune reactions are 
unleashed by the incompletely digested food that is able to escape complete 
digestion and pass through the excessively permeable gut. 

Furthermore, since this chronic iron-induced trauma to the gut is rarely 
recognized and remedied, it becomes a life-long condition and rarely 
improves or even lessens except through the adoption of some major dietary 
changes. And those changes are often made inadvertently because of 
suspected gluten intolerance or just a desire to eat a healthier organic diet. It 
just so happens that a gluten-free and/or organic diet is nearly always iron- 
free. 

Anecdotally, one case of gluten sensitivity (mild, not advanced) was 
observed to completely resolve after about six months of avoiding enriched 
foods and eating only the gluten-free foods that also rarely have iron added to 
them. One explanation for this loss of gluten sensitivity is that a mildly 
inflamed or leaky gut can have the ability to heal completely when the daily 
exposure to excess and needless iron is discontinued. Once the gut is healthy, 


gluten can then be properly digested, like any other protein. 


Unwittingly Buying, Consuming Toxic Waste 


Interestingly, there is a striking analogy between the addition of 
fluoride to the water supply and the addition of iron filings to foods. 
Iron filings, even the ones added to the food supply, are typically the 
waste byproduct of the grinding, filing, or milling needed to make 
finished iron products. This means that money is being made on the 
sale of these filings rather than being spent on their proper disposal. 
This is no different than paying your neighbors for the privilege of 
removing their trash. 

Similarly, about 90% of the water supplies in our country are 
fluoridated with a hazardous waste product purchased from 
companies that produce chemical phosphate fertilizers. 
Hydrofluosilicic acid is an unstable, poisonous, and corrosive acid 
that is generated in the chimneys of plants that produce these 
fertilizers. Literally millions of gallons of this lead-, arsenic-, and 
mercury-containing hazardous waste is produced on a regular basis.” 
Rather than having to pay huge sums of money to process and dispose 
of this toxic material, these companies sell it to cities for the 
fluoridation of their water supplies at a large profit. 

Even now, most water fluoridation proponents are not aware of 
the true source of the fluoride they seek to put into the water supplies 
of the public. However, the analogy is strong: Iron filings and 
hydrofluosilicic acid are both waste products. They are both toxic. 
Without another way to get rid of them, money would have to be 
spent to process them and dispose of them. Yet both are sold and put 
into our food and water supplies. Profit goes to the waste producers, 
while the public pays to consume their toxic debris. 


While excess iron, copper, and calcium should always be avoided, 
Statistically speaking, the two toxic nutrients with the most negative impact 
are iron and calcium. Copper could certainly “become” as toxic as iron and 
calcium, but the supplemental exposure to copper is nowhere close to the 
enormous and excessive dietary and supplemental exposures to iron and 
calcium. Practically speaking, then, just completely avoiding supplements 


containing copper largely solves the potential problem with excess copper. 
However, iron is a different story, as noted above. And a chronic excess 
exposure to calcium is possibly even more difficult to avoid than an excess 
exposure to iron. 

The difficulty in avoiding excess calcium exposure is especially 
aggravated by the fact that calcium continues to be extolled as a wonderful 
supplement essential for good bone health, and even health in general. In fact, 
over the past 10 years or so, calcium supplementation worldwide has been on 
the rise as more pharmaceutical companies have entered the dietary 
supplement market and have even had a special focus on the promotion of 
calcium as a good supplement.*° 

To make matters worse, there’s a constant drumming of the message that 
calcium-laden dairy products are “good” for you, in any amount. These 
assertions remain believed by most of the public as well as an 
overwhelmingly large percentage of healthcare practitioners today. Calcium 
remains one of the most popular supplements on the planet. 

In addition to “deliberate” calcium supplementation (taking a supplement 
containing only or nearly only calcium), two more major sources of 
additional calcium supplementation/ingestion occur on a regular basis. Many 
multivitamin and/or multimineral supplements have a very large amount of 
calcium in them. Also, the massive antacid market is dominated by calcium- 
containing products, especially calcium carbonate. Much of the public 
regularly overdoses on these calcium-containing antacids — oftentimes in 
amounts far exceeding their “deliberate” calcium supplementation, including 
the calcium intake from regular milk drinking. When this “unintentional” 
calcium supplementation is combined with the deliberate intake, the total 
calcium supplementation that regularly takes place in many people is 
enormous. 


To make matters worse, there’s a 
constant drumming of the message 
that calcium-laden dairy products are 
“good” for you, in any amount. 


Also, with regard to dairy, the calcium overdose awaiting the uninformed 


consumer is aggravated by another factor. Different milk products are 
sometimes “fortified” with additional amounts of calcium. Nearly all the non- 
dairy milks (almond, cashew, rice, coconut, etc.) have calcium added — a 
serving of these alternatives often delivers as much or more of a calcium 
overdose as in drinking a glass of regular milk. Now orange juice with a 
greater content of calcium than is found in regular milk is available. The 
dairy industry, with the help of most doctors, is focused on getting as many 
people as possible to ingest as much calcium as possible, and it continues to 
be very successful in achieving this goal. And like the heavily-researched 
topics of magnesium or vitamin C, there appears to be no mountain of 
evidence high enough to stop or slow this onslaught of toxic calcium intake, 
at least not yet. 


Several large studies have clearly 
demonstrated calcium intake above a 
certain level increased the chances of 

cardiovascular and all-cause mortality. 


The case for the toxicity of excess calcium intake is strong, and it is 
intellectually difficult to refute when the totality of all the studies looking at 
calcium and its relation to different chronic diseases is taken as a whole.** 
Several large studies have clearly demonstrated calcium intake above a 
certain level increased the chances of cardiovascular and all-cause 
mortality??? 

The bottom line, however, is that excess calcium is progressively more 
toxic the more that it is ingested, although the toxicity can be partially 
mitigated when assimilated from a quality dietary source containing 
significant amounts of vitamin D. Even though it is possible to find a study 
that may confuse or try to negate the warnings against excessive calcium 
intake, the preponderance of evidence suggests that anyone who insists upon 
taking a calcium supplement, a calcium-containing antacid, or regularly 
drinking milk as a beverage, is doing so at a great risk to their health and 
longevity. 

Many studies indicate that increased IOS is due to an increased 
intracellular calcium concentration and a deregulation or breakdown of 


cellular calcium metabolism in general.*® This is what makes the natural 
abilities of magnesium to block calcium channels and to antagonize the 
actions of calcium so therapeutically significant. A clear example of this 
therapeutic, antagonistic relationship between intracellular magnesium and 
intracellular calcium was documented in essential hypertension (persistent 
and pathological high blood pressure) patients. Prior to treatment, 
intracellular calcium levels were elevated and intracellular magnesium levels 
were depressed. Increasing the levels of extracellular magnesium increased 
intracellular magnesium levels and decreased intracellular calcium levels in a 


reciprocal fashion.*? 


In neurons, for example, elevated 

intracellular calcium levels initiate 

cell injury that can lead to neuron 
death if left unchecked. 


In neurons, for example, elevated intracellular calcium levels initiate cell 
injury that can lead to neuron death if left unchecked. In fact, it has long been 
recognized that this calcium overload inside such neurons is an essential 
pathological state that causes the neuronal injury due to lack of blood flow to 
the brain (ischemia).2° An increase in intracellular calcium has been 
identified as one of the early events in the development of ischemic stroke.*! 

While it should be clear that chronic excess calcium intake will 
eventually be reflected in increased intracellular calcium levels with 
increased IOS, other mechanisms increasing intracellular calcium levels exist. 
Some toxins induce a significant and sustained elevation of free cytosolic 
calcium by causing a rapid depletion and shift of calcium out of the 
mitochondrial pool into the cytoplasm. This cytosolic calcium increase can be 
further fueled by the impairment of the cell’s ability to extrude calcium from 
the cell. Such an impairment appears to be important in sustaining the initial 
elevation of calcium in the cytoplasm.2* Other studies have also 
demonstrated that toxins cause a prompt rise in intracellular calcium 
levels.°°74 


Some toxin-exposed cells can poison 
themselves “from within” by a 
redistribution of its calcium stores into the 
cytoplasm from organelles such as the 
endoplasmic reticulum and mitochondria. 


Studies have shown that agents capable of preventing cytosolic calcium 
levels from rising in the face of different toxins also block the effects of those 
toxins on the cells.*°-°° These observations add further support to the fact that 
toxins consistently provoke increases in cytosolic calcium. In addition, the 
positive systemic effects of antioxidants on cells always results in a lowering 
of intracellular calcium levels.?” 

The maintenance of normal cellular calcium metabolism is an important 
function of the mitochondria.’ In fact, an interference with mitochondrial 
metabolism impairs cellular calcium metabolism, and vice versa.” Viral 
infection of cells, another source of significantly increased cellular oxidative 
stress, has also been documented to significantly increase intracellular 
calcium concentration.“ 

In another cell-toxin study model, removal of extracellular calcium in the 
presence of a toxin known to induce increases in cytoplasmic calcium levels 
did not prevent those increases or eventual cell death, thus showing that the 
increase in calcium levels did not originate from outside the cell. However, 
an intracellular calcium chelator was able to substantially reduce cytoplasmic 
calcium levels and prevent the otherwise anticipated outcome of cell 
death.*!42 

Although all toxins increase cytoplasmic levels of calcium, there are two 
different mechanisms that produce this increase. Some toxin-exposed cells 
can poison themselves “from within” by a redistribution of its calcium stores 
into the cytoplasm from organelles such as the endoplasmic reticulum and 
mitochondria. Other toxins increase cytoplasmic levels by facilitating the 
uptake of new calcium from the extracellular space via the calcium channels 
in the cell membrane.’ The logical conclusion is: 


Any mechanism that raises cytoplasmic 
calcium levels produces a toxic effect. 


Internal Sources 


Internal sources of toxins generally come as a result of being freshly 
generated, as from a focal infection or a constipated gut. The other substantial 
internal sources of toxins result as toxins accumulate beyond a certain degree 
in different areas of the body. While a significant antioxidant presence might 
compensate for such accumulations over an extended period of time, a 
variety of mechanisms can start mobilizing these accumulations and thereby 
expose “new” areas of the body to “old” toxins. 

Many detoxification protocols can be so effective at freeing up toxins that 
the intended chelation/elimination processes become overwhelmed. This 
means that a large amount of mobilized toxins remain unchelated and/or 
uneliminated, subjecting new tissues to the challenge of those toxins being 
redistributed. In any detoxification protocol, which can be very important in 
the recovery of some patients, the detoxification will always result in some 
degree of retoxification. The protocol needs to be designed to allow for a 
slow and steady release and excretion of toxins such that important normal 
laboratory tests (like the lipid panel) are not rendered abnormal, and such that 
the patient remains comfortable and feeling well during the detoxification 
process. 

Rarely is rapid, large quantity detoxification better than slow and steady. 
It can literally be the difference between clinical recovery and a clinical 
decline that might be irreversible. A good example of an agent that can inflict 
such harm if not administered with expertise is DMPS (dimercaptopropane 
sulfonate). Generally, giving large doses of vitamin C (25 to 75 grams 
intravenously) is advisable at the time of a DMPS injection. Depending on 
patient response and the degree of detoxification-related symptoms, such 
vitamin C dosing can be repeated daily for one or more additional days. In 
spite of the potential downside, a powerful detoxification agent such as 
DMPS can still be occasionally indicated, especially when a very large 
amount of stored toxins is felt to be present, and clinical improvement on a 
comprehensive treatment protocol remains minimal or absent in the face of 


that large store. 

When the patient is demonstrating a satisfactory positive detoxification 
response (clinically and/or as indicated by laboratory testing), this slower and 
safer approach can be continued. Some relatively common prescription 
agents that pull toxins out less vigorously than DMPS include DMSA 
(dimercaptosuccinic acid), BAL (dimercaprol), EDTA 
(ethylenediaminetetraacetic acid), penicillamine, deferoxamine, and 
deferasirox. However, such prescription agents should not be utilized unless 
it appears that the treatment protocol, along with the administration of 
multiple non-toxic and non-prescription detoxification agents, have failed to 
improve the status of the patient. 


Rarely is rapid, large quantity 
detoxification better than slow and 
steady. It can literally be the difference 
between clinical recovery and a clinical 
decline that might be irreversible. 


Regardless of the agent utilized to promote 
increased toxin excretion, the clinician 
should always be on the alert for the need 
to give additional antioxidant support during 
the excretion/elimination process, such as 
can be afforded by intravenous vitamin C. 


Non-toxic supplements and nutrient chelators include ALA (alpha lipoic 
acid), IP6 (inositol hexaphosphate, or phytic acid), whey protein, NAC (N- 
acetylcysteine), S-acetyl glutathione, and a quality liposome-encapsulated 
glutathione. Many of these natural agents work to improve intracellular 
glutathione levels while stimulating glutathione-related enzymes, which helps 
to optimize the natural toxin-eliminating pathways in the toxin-burdened cell. 

Regardless of the agent utilized to promote increased toxin excretion, the 
clinician should always be on the alert for the need to give additional 


antioxidant support during the excretion/elimination process, such as can be 
afforded by intravenous vitamin C. Nevertheless, eliminating pro-oxidant 
toxins while restoring intracellular glutathione levels are two important ways 
to help achieve the goal of decreased IOS. 

Possibly the best long-term way to deal with the excretion of toxins in a 
slow but steady and minimally toxic manner is by using a far-infrared sauna 
on a regular basis. While all saunas offer the ability to sweat out toxins, the 
far-infrared sauna appears to be especially adept at it, facilitating a sweat that 
has an even higher concentration of toxic solutes in it than is achieved with a 
regular sauna or an exercise-induced sweat. Good nutrient supplementation is 
even more important when regularly using the sauna, as significant amounts 
of magnesium and potassium will reliably be lost through the sweating 
process as well. 


Focal Infection Sources 


Focal infections capable of promoting a generalized body-wide increase 
in inflammation can exist in many different areas of the body.*+ These 
include, but are not limited to: 


Pulmonary sources (chronic bronchitis with bronchiectasis)*° 
Gastrointestinal tract ulcers; infections in hemorrhoids, 
diverticula, and appendix*°47 

Lymph nodes, including in the mesentery 

Gallbladder and liver 

Fallopian tubes, uterus, prostate, urethral tract, seminal vesicle 
Skin and nails (boils, furuncles, toenails) 

Heart (endocarditis) 

Kidney (often initiated from an oral cavity focus 
Joint (arthritis often initiated from an oral cavity focus) 
Inflamed or infected veins*? 

Inflamed or infected bone 


y” 
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Of note, nearly all of the articles dealing with focal infection are quite 
old, and very little contemporary research even addresses this topic. 
However, if you take the time to examine any of these “old” papers, you will 
find the observations of some very astute physicians and researchers. This 


early focal infection literature connects many different medical conditions 
with oral cavity infections, especially with regard to the chronic infection 
found in all root canal-treated teeth. This diligent, high-quality research as a 
whole has been repeatedly disparaged as being poorly done and long-since 
“proven” to be irrelevant and even completely wrong. 


The Fallacy of Discarding Research 
Solely Based on Age 


The word “old” should never even be mentioned with regard to 
scientific research. Using the publishing date of any research as a 
criterion for validity leads to some ludicrous conclusions. Should 
Nobel Prize winners in medicine give back their awards after their 
research extends beyond a certain age, since research that old could 
not possibly have been done in a qualified and competent fashion? 
Banting and Best discovered insulin in 1921. The research that 
facilitated that discovery is now extremely old. However, it is 
doubtful that any diabetic wants to give up his or her access to insulin 
because the research is “no longer valid” or “clearly proven” wrong 
because of its great age. The truth is, the scant research cited to 
“disprove” focal infection research was often performed by people or 
groups that had financial fortunes that were in jeopardy should the 
research become widely accepted. 


But with regard to the notion that oral cavity infections have little to do 
with body-wide medical conditions and diseases, nothing could be more 
outlandish or further from the truth. Any dentist who maintains that the focal 
infection literature has been proven false and irrelevant is either incapable of 
straightforward logical thought, or too blindly interested in maintaining a 
lucrative income to consider the evidence. Root canal procedures are big 
business; over 25 million root canal procedures annually easily justify the 
blanket assertions of safety by dental associations and in dental journal 
editorials. These at-risk fortunes also largely block an objective review of the 
preponderance of current literature that more than validates the earlier root 
canal research.” 

This is not to say that all root canal procedures are automatically bad for 


the patient. This is definitely not the case and has been addressed 


elsewhere.°* However, quality and unbiased prospective studies are still 
needed to track patients with root canal-treated teeth, concentrating on such 
parameters as serial X-ray appearances, clinical outcomes such as heart 
disease, and serial measurements of laboratory data that correlate with 
increased systemic inflammation, such as CRP, reverse T3, fibrinogen, 
glucose, lipids, and sex hormone levels. Algorithms could then be developed 
that could help a dental provider determine the actual health risk at any given 
time. It would be quite valuable to know whether a given root canal-treated 
tooth is not likely to have a substantial negative impact on general health, or 
likely to cause a heart attack, or whether the tooth is at an intermediate level 
of concern warranting closer monitoring. Ultimately, it would be good to 
have trustworthy data that can help both patient and doctor decide whether 
such a tooth gets extracted or stays put a while longer. And even when the 
data generated raises no alarms or concerns, regular follow-up needs to 
continue indefinitely, since a root canal-treated tooth could “deteriorate” at 
some point in time, even though it might not have had a significant negative 
impact on general health for years or even decades prior to such deterioration. 

In fact, although the list of potential sites of focal infection as noted 
above is lengthy, the oral cavity is the site of the focal infection(s) and toxins 
that significantly increase body-wide inflammation well over 95% of the 
time. These oral cavity sites/sources include the following: 


Y Chronically infected but asymptomatic teeth (chronic apical 
periodontitis, or teeth with apical abscesses; statistically a very 
large factor worldwide) 

Y Root canal-treated teeth, also usually asymptomatic (all 

infected, but not all disseminating that infection; also 

Statistically a very large factor worldwide) 

Acutely abscessed and painful teeth (ironically a tiny minority 
of all infected teeth) 

Chronic periodontal (gum tissue) infection and inflammation (a 
very large factor) 

Cavitational osteonecrosis (wet gangrene accumulations at 
sites of old extractions—very common) 

Chronically infected tonsils (typically appearing externally 
normal—very common in mouths that have or have had root 
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canal-treated teeth or other infected teeth) 

Y Chronically infected sinuses (often originating from infected 
teeth in the maxilla) 

Y Infected dental implants 

Y Infected lymph nodes in and close to the oral cavity 

Y Toxic and biologically incompatible metals and other 
restorative materials 


A more detailed discussion of dental infections and toxins and their 
cause-and-effect relationships with many chronic degenerative diseases, 
especially heart disease and breast cancer, along with the supporting dental, 
medical, and scientific literature is available elsewhere.??°° 

Another source of internally generated toxins that can strongly support a 
body-wide state of increased inflammation comes from a poorly functioning 
gut. The less complete and slower that digestion occurs, the greater the 
proliferation of pathogens with their associated toxins. While having fewer 
bowel movements might seem a relatively inconsequential problem, it can 
have an enormously negative impact on the health of the body because of the 
haven of proliferating pathogens that results from such gastrointestinal stasis. 
To minimize the percentage of food that rots and putrefies rather than digests 
normally, at least one and preferably two (or more) bowel movements should 
take place daily. 

For many constipated individuals, simply avoiding certain food 
combinations that slow gut transit time, while taking in more oral vitamin C 
powder and magnesium can completely remedy the sluggish gut. This matter 
is discussed at greater length elsewhere.°®°” 


Healing 
Hormones 


Lowering Body-Wide 
Oxidative Stress 


The proper balance of sex hormones, thyroid hormone, and cortisol plays 
a critical role in keeping inflammation and excess oxidation in check 
throughout the body, thereby directly supporting good healing and healthy 
cells. Below-normal levels of estrogen in women and testosterone in men 
make it difficult for any otherwise positive treatment protocol to have 
anywhere close to optimal impact on keeping intracellular oxidative stress 
(IOS) and intracellular antioxidant concentrations at normal (physiological) 
levels. And when thyroid function is even minimally low in the cells 
throughout the body, maintaining an inflammation-free body with a normal 
redox status inside the cells is virtually impossible. Both low and high 
cortisol levels negatively impact the oxidative status of the body as well. 

Insulin is another hormone that strongly promotes the body-wide 
normalization of cellular oxidative stress and offers strong support of good 
healing. It exerts a powerful health impact in both a focal fashion when 
applied topically and throughout the body when administered systemically. 


Estrogen 


This hormone is well-known for its ability to maintain the health of the 


reproductive and sexual organs and to determine the normal secondary sexual 
characteristics in women. However, it does far more than that, as it is critical 
in regulating calcium metabolism throughout the body and not just in 
promoting bone health as an anti-osteoporosis hormone. 

Estrogen has a powerful anti-inflammatory effect that has been 
demonstrated in many cell, animal, and human studies.” Of course, the 
ability to positively regulate calcium metabolism is likely a primary reason 
why estrogen is such a potent anti-inflammatory agent. The action of 
estrogen as an antagonist to calcium has also been suggested as a reason for 
its cardiovascular disease protective effect.® 

In vitro studies on animal and human cell lines show that estrogen 
functions as a calcium channel blocker and a calcium antagonist in 
general.”:!° Estrogen has also been shown to protect toxin-exposed cells from 


death by lessening cellular calcium uptake through calcium channels.!! Even 
some estrogen-related agents (phytoestrogens) have been shown to be 


calcium channel blockers in a study on human platelets.! 


Estrogen has also been shown to 
protect toxin-exposed cells from 
death by lessening cellular calcium 
uptake through calcium channels. 


And in addition to decreasing elevated 
intracellular calcium levels, estrogen 
has also been shown to effectively 
raise intracellular magnesium levels. 


And in addition to decreasing elevated intracellular calcium levels, 
estrogen has also been shown to effectively raise intracellular magnesium 
levels. These alterations in the mineral composition of the cell and its 
cytoplasm are two essential manifestations of the decrease in IOS seen when 
inflammation is resolved or lessened.!*-!° 

Estrogen also significantly promotes increased magnesium levels in the 


body by stimulating its active reabsorption into the cells of the distal 
convoluted tubules of the kidney. Magnesium is extruded back into the 
bloodstream from these tubules, avoiding much of its elimination in the 
urine.!® In rats that had their ovaries removed, an injection of estrogen 
(estradiol) resulted in an early and persistent increase in cytoplasmic 
magnesium in the vaginal epithelial cells. This again underscores the 
important role that estrogen plays in magnesium metabolism and in the 
control of IOS.'” Healthy estrogen levels are also clearly vital to longevity in 
general. Because estrogen helps optimize intracellular levels of magnesium 
and calcium, it is able to stabilize or reverse this most important 
pathophysiological marker/cause of disease. 

Estrogen deficiency in the form of lowered levels of estrone (one of the 
three major endogenous estrogens in the body) was linked to increased all- 
cause mortality in post-menopausal women with known coronary artery 
disease or at high risk of it.!8 In a large group of Swedish women, hormone 
replacement therapy resulted in a substantial decrease in all-cause mortality 
in each of the 12 categories of cause of death except for injuries.'? Another 
study looking at estradiol-based hormone replacement therapy also showed a 
dramatic lowering of deaths from all causes.*° A cohort of 1,458 women who 
participated in randomized, placebo-controlled clinical trials over periods 
averaging about 10 years also showed a dramatic decrease in all-cause 
mortality on various hormone replacement protocols that were only given 
over a 2- to 3-year period.*! Women who began their menopause before age 
AO, losing their natural estrogen protection at a much younger age than usual, 
demonstrated a higher rate of all-cause mortality. 


Women who began their menopause 
before age 40, losing their natural 
estrogen protection at a much younger 
age than usual, demonstrated a 
higher rate of all-cause mortality. 


There is another connection between estrogen effect and magnesium 
status. Metabolic syndrome classically involves at least three of the 


following: 


Y abdominal obesity 

Y_ increased triglycerides 

Y low HDL lipoproteins 

V high blood pressure 

Y elevated fasting blood sugar 


Magnesium levels have been clearly shown to be lower in adults with this 
condition than in normal controls.’ Magnesium supplementation in 
metabolic syndrome patients with low magnesium levels effectively treats the 
laboratory and clinical abnormalities present in such patients.2* Another 
study, a meta-analysis of nine articles, showed that higher consumption of 
magnesium resulted a lower risk of developing this syndrome.*° In animal 
studies, estrogen reversed the abnormalities of metabolic syndrome.*°*’ In 
women, not only has estrogen replacement been shown to improve the 
laboratory abnormalities seen in this syndrome,~° but studies also show that 
low estrogen increases the risk of developing it in the first place.*?°! One 
fairly clear-cut interpretation of all of these studies together is that the ability 
of estrogen to increase intracellular magnesium levels would appear to be a 
primary, or at least a very important, mechanism by which estrogen 
replacement lessens metabolic syndrome abnormalities. The optimal ways to 
administer and dose estrogen are discussed in greater detail elsewhere.°* 


RECAP 


The qualities of estrogen that reduce (or 
cause to be reduced) increased IOS 


1. Lowers intracellular calcium concentrations, acting as a calcium 
channel blocker and calcium antagonist 

2. Serves as a potent anti-inflammatory agent 

3. Raises intracellular magnesium levels 

4. Helps to reabsorb magnesium that would otherwise be excreted 


by the kidneys 
5. Hormone replacement dramatically decreases all-cause 
mortality 


6. Lessens metabolic syndrome parameters, probably by 


increasing intracellular magnesium levels 


Testosterone 


Like estrogen, testosterone is also an anti-inflammatory agent.’ This is 
mediated at least in part by its ability to act as a calcium channel blocker and 
lower intracellular calcium levels.°*?” In cell studies, testosterone has 
demonstrated its anti-inflammatory properties. In human neutrophils from 
healthy male subjects, physiological concentrations of testosterone were 
shown to suppress superoxide production while enhancing the production of 
nitric oxide.*°? These facts support the important role of testosterone in 
modulating the immune response to inflammation. 

In fact, a reliable generalization about the effect of any hormone, but 
especially about estrogen, testosterone, insulin, cortisol, and thyroid 
hormone, is that they all function to lower body-wide oxidative stress and 
thereby normalize and optimize cellular function. Even though the 
biochemical pathways that are affected will vary significantly from one 
hormone to the next, they all work to optimize biochemical pathway 
efficiency while minimizing energy consumption in the process. 


Normalizing testosterone levels reliably 
reduces insulin sensitivity and improves 
glucose tolerance, whereas low levels have 
been clearly linked to increased oxidative 
stress, impaired mitochondrial function, 
and the laboratory abnormalities leading 
to atherosclerosis and heart disease. 


Testosterone is well-documented to play a key role in the metabolism of 
carbohydrate, fat, and protein. It has been specifically shown to have a major 
impact in optimizing both body fat composition and muscle mass in men. 
Factors associated with metabolic syndrome have also been shown to be 
consistently impacted in a positive manner when testosterone deficiencies are 
properly restored. Normalizing testosterone levels reliably reduces insulin 
sensitivity and improves glucose tolerance, whereas low levels have been 


clearly linked to increased oxidative stress, impaired mitochondrial function, 
and the laboratory abnormalities leading to atherosclerosis and heart 
disease.7041 

Multiple studies have consistently shown that low serum testosterone 
levels correlate with increased all-cause mortality, a result that is not 
surprising in light of the many other studies documenting the clinical and 
laboratory abnormalities seen in male patients with low testosterone.*7-“° An 
increased all-cause mortality rate is also seen in men with a greater rate of 
age-related decline in testosterone levels, independent of the baseline levels 
of testosterone.*” Conversely, and very significantly, the normalization of 
testosterone levels from replacement therapy is associated with a significant 
reduction in all-cause mortality, along with heart attack and stroke.*® 

One recent study even showed a definite decrease in all-cause mortality 
with testosterone therapy even when clear-cut improvement in cardiovascular 
disease risk factors was not seen. This further underscores the importance of 
testosterone in facilitating the normal function of all cells in the body.*? The 
susceptibility of cells to infection in general also appears to be increased 
when testosterone levels are low, further showing that testosterone, probably 
by lessening intracellular oxidative stress, protects all cells against disease 


and infection.” 


Conversely, and very significantly, the 
normalization of testosterone levels from 
replacement therapy is associated with a 

significant reduction in all-cause mortality, 
along with heart attack and stroke. 


Low testosterone levels are strongly related to insulin resistance.°! 


Furthermore, the ability of testosterone to reduce insulin sensitivity logically 
suggests that this hormone directly facilitates magnesium uptake into cells or 
otherwise promotes the optimization of intracellular magnesium levels by 
other mechanisms. As is discussed below in the section on insulin, it has been 
shown that advanced insulin resistance shows little response to increased 
insulin dosing until a significant administration of magnesium has first been 


assimilated by the affected cells. This would make testosterone an important 
“partner” with insulin in its optimization of glucose metabolism in the body. 


...It has been shown that advanced 
insulin resistance shows little response to 
increased insulin dosing until a significant 

administration of magnesium has first 
been assimilated by the affected cells. 


When insulin resistance is seen with the laboratory abnormalities of the 
metabolic syndrome in a male patient with decreased testosterone levels, 
there is really never a good reason for not addressing this deficiency 
judiciously, regardless of the age of the patient. “Judiciously” is the key word 
here, as evidence certainly exists that giving excessive, supraphysiological 
doses of testosterone can increase oxidative stress.°* Anyone receiving 
testosterone replacement must have frequent enough blood testing to clearly 
establish that the key markers are moving toward or remaining in healthy 
reference ranges. 

Not surprisingly, considering the critical role that magnesium plays in 
promoting normal metabolism in every cell of the body, it also appears that 
magnesium plays an important role in both increasing and sustaining higher 
free plasma testosterone levels. These positive effects of magnesium on 
testosterone levels were seen in both sedentary and individuals who 
vigorously exercised, with more pronounced increases seen in those who 
exercised.°*°* Similarly, it has been shown that men with normal total 
testosterone levels have significantly higher serum magnesium levels than 
men with total testosterone deficiencies.”° 


...1t also appears that magnesium 
plays an important role in both 
increasing and sustaining higher 
free plasma testosterone levels. 


There are relatively few studies that directly address the effects of 
testosterone on magnesium metabolism, or of magnesium on testosterone 
physiology. However, there is substantial documentation of testosterone as an 
anti-inflammatory agent and as a calcium blocking agent, likely indicating 
that this hormone interacts with and supports some or all of the mechanisms 
and agents that work to increase intracellular magnesium levels. 

Insulin, discussed more in detail below, is known to strongly enhance the 
cellular uptake of magnesium against the huge concentration gradient that 
would otherwise serve to translocate magnesium from its high intracellular 
levels to its very low extracellular levels. Testosterone, by unclear 
mechanisms, has been shown to have insulin-effects in an in vitro study on 
skeletal muscle cells.” There is also evidence that circulating testosterone 
levels correlate with fasting insulin levels, but without clearly impacting 
lipoprotein levels. Some research has also suggested that insulin can mediate 
an elevated level of testosterone production.°”°® Similarly, it has been shown 
that relative to placebo, testosterone can significantly increase cortisol 
levels.” Collectively, this information might indicate the downside of too- 
rapid and too-high dosing of testosterone replacement, especially in elderly 
individuals. But it is still not an argument against low-dosed and slowly- 
increased testosterone dosing in this patient group for minimizing morbidity 
and optimizing lifespan. 

Vitamin D, regarded by many as being more a hormone than a vitamin, 
also appears to have an independent linear association with free 
testosterone.’ Although the nature of this association has not been clearly 
defined, it further highlights the need for a balance of all hormones and 


hormone-like substances in the body.°! 


RECAP 


The qualities of testosterone that reduce 
(or cause to be reduced) increased IOS 


1. Acts as a calcium channel blocker and calcium antagonist to 
lower intracellular calcium concentrations 

2. Serves as a potent anti-inflammatory agent and immune system 
supporter 

3. Helps to optimize function of other hormones 

4. Hormone replacement dramatically decreases all-cause 


mortality 

5. Lessens metabolic syndrome parameters, probably by 
increasing intracellular magnesium levels; lower levels are 
associated with insulin resistance 


Insulin 


While insulin is primarily known as the hormone that regulates glucose 
metabolism throughout the body since its discovery by Banting and Best in 
1921, the literature repeatedly documents it as a potent healing agent. It is 
certainly true that insulin is vital to promoting the proper uptake of glucose 
into the cells of the body so that the Krebs cycle can generate optimal levels 
of ATP from the intracellular metabolism of glucose. However, some other, 
lesser-known functions of insulin are arguably of equal importance. 

Almost since its discovery insulin has been shown to have strong healing 
properties in both its local and systemic applications.°*-© In diabetic patients, 
systemic insulin therapy was demonstrated to significantly increase the 
wound-healing rate of diabetic ulcers. Additionally, topical insulin applied 
to cutaneous wounds accelerated healing in rats with or without acute 
diabetes.°° In a double-blind placebo-controlled clinical trial, topical insulin 
cream was found to markedly improve wound healing in diabetic patients.° 
A review examining the results of nine clinical trials in patients and twelve 
animal studies concluded that insulin is a low-cost growth factor that has 
clear-cut value in healing wounds more quickly and more thoroughly.®8 


Almost since its discovery insulin 
has been shown to have strong 
healing properties in both its local 
and systemic applications. 


Also, as long as it is not grossly overdosed, 
insulin is one of the safest agents that can 
be used either systemically or locally. 


Also, as long as it is not grossly overdosed, insulin is one of the safest 
agents that can be used either systemically or locally. Combined and 
separately, insulin and zinc were also shown to substantially accelerate the 
healing of deliberate, uniformly-inflicted cuts applied to the forearms of both 
diabetic and non-diabetic volunteers, with one arm serving as the control for 
the other.°? Consistent with this accelerated healing, insulin-zinc injections at 
wound sites have also been documented to stimulate/accelerate local DNA 


synthesis.’° Topical insulin has also been shown to accelerate the healing of 


V Traumatic eardrum perforations in rats’! 

Y Corneal wounds in diabetic and non-diabetic patients 

Y Pressure wounds or bedsores, which can be especially resistant 
to improvement and complete resolution” 

Y Large, full-thickness wounds in diabetic patients, with an 
increase in the formation of connective tissue and new blood 
vessels’° 

Y Wounds in non-diabetic patients, with the formation of new 
blood vessels documented by biopsy after only two weeks’° 

Y Diabetic wounds by the mechanism of suppressing and/or 
reducing the persistent chronic inflammation that often inhibits 
good healing” 
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Another Medical Mystery: 
Why Isn/’t Insulin Used for Wound Care? 


Incredibly, although these dramatic and safe applications of 
insulin have been repeatedly documented in the medical literature for 
well over 80 years now, few wound care centers in the United States 
or around the world use insulin to both accelerate and improve the 
quality of wound healing. “More studies and research need to be 
done” still remains a common mantra at the end of many studies that 
clearly and unequivocally documented the effectiveness and safety of 
insulin used in this fashion. 

One can only wonder how many “gold standard” studies 
(randomized, double-blind, placebo-controlled) could ever be done 


with striking enough outcomes to actually get physicians to start using 
insulin for wound care. What should be the standard of care remains 
effectively unused and not even part of the wound healing medical 
discussion. Insulin treatment for wound care has been neglected in 
much the same manner as the heavily-researched but little-utilized 
vitamin C. Why? Insulin is especially puzzling, since many of its 
variations remain under patent protection and could generate much 
larger profits for the insulin-producing pharmaceutical companies if 
the clinical applications were to expand. Vitamin C, of course, 
remains free of a pharmaceutical-owned patent, which is likely a 
major explanation for its gross under use. 


Two important, and possibly the most important, reasons that insulin is 
such a reliable healing agent has to do with its ability to raise intracellular 
vitamin C and intracellular magnesium levels. Increasing the levels of 
vitamin C and magnesium inside the cells are two of the most direct ways to 
decrease elevated levels of IOS. As elevated IOS is the cellular pathology 
causing and sustaining all chronic degenerative diseases, any measures that 
will lower those elevations will directly and substantially lessen, and 
sometimes completely reverse, the pathology of any given disease. More 
vitamin C inside the cells accomplishes this directly, and more magnesium 
inside the cells facilitates the lowering of the elevated calcium levels inside 
the cells that elevated the IOS in the first place. 

It has also been established that insulin acts to conserve magnesium. In a 
study on mouse distal convoluted tubule cells (kidney cells that filter the 
blood to make urine), insulin was shown to stimulate magnesium uptake into 
those cells, which basically means that insulin bolsters magnesium levels in 
the body by minimizing magnesium loss and promoting its reabsorption 
before being eliminated in the urine.”® 

It has been established that insulin actively promotes the cellular uptake 
of vitamin C in a competitive fashion with glucose. The more glucose is 
present, the less vitamin C gets into the cell, and vice-versa.” Increased 
glucose without added insulin has also been shown to promptly decrease 
intracellular vitamin C levels in the leukocytes of normal subjects, further 
highlighting the competition between glucose and vitamin C for entry into the 
cells of the body.®? 


Glucose and vitamin C are structurally very similar molecules, and 
glucose is enzymatically converted to vitamin C in the livers of animals 
capable of synthesizing their own vitamin C. Their structural similarity 
probably accounts for their competitive nature in the degree to which insulin 
promotes their cellular uptake. This ability of elevated glucose levels to 
decrease intracellular vitamin C concentrations is probably the primary 
reason for all of the pathology and long-term side effects seen in diabetics. In 
other words, elevated glucose levels result in a state of intracellular scurvy 
(severe vitamin C depletion) in virtually all the cells of the body, with some 
tissues typically being more severely impacted than others. And the higher 
and more chronic the glucose elevations, the worse the intracellular scurvy. 
Conversely, insulin has also been shown to not only increase the uptake of 
vitamin C in its oxidized state (DHAA) via special transporters (GLUT), it 
has also additionally been shown to facilitate the reduction of the oxidized 
vitamin C to its active, reduced form inside the cells (AA). This means that 
insulin pulls vitamin C into the cell in its spent state and then helps recharge 


it once it is there.81 


This ability of elevated glucose levels 
to decrease intracellular vitamin C 
concentrations is probably the primary 
reason for all of the pathology and long 
term side effects seen in diabetics. 


Insulin also increases the intracellular 
accumulation of magnesium, which 
is a very critical factor in lowering 
elevated intracellular levels of calcium 
and oxidative stress, as well as in 
maintaining those lowered levels. 


Insulin also increases the intracellular accumulation of magnesium,” 


which is a very critical factor in lowering elevated intracellular levels of 


calcium and oxidative stress, as well as in maintaining those lowered levels. 
Both in vivo and in vitro studies have demonstrated the ability of insulin to 
move magnesium from the extracellular to the intracellular space. This has 
been demonstrated in both human lymphocyte and platelet experimental 
models.®*-8” Conversely, intracellular magnesium has been shown to be a 
positive modulator of insulin and an important factor in lessening insulin 
resistance.°® Not surprisingly, then, intracellular levels of magnesium are 
consistently low in patients with type 2 diabetes, along with lowered levels of 
vitamin C.°9 


Conversely, intracellular magnesium 
has been shown to be a positive 
modulator of insulin and an important 
factor in lessening insulin resistance. 


In an animal study, magnesium supplementation was shown to upregulate 
both insulin receptors and glucose transporters, meaning the number of those 
receptors and transporters is increased, offering at least one clear mechanism 
for the synergistic effect of magnesium and insulin in reducing elevated 
1os.° 

When one realizes the role insulin plays in moving magnesium and 
vitamin C from the extracellular space to the intracellular space, studies 
reporting the positive impact of insulin on clinical outcomes make even more 
sense. They also reaffirm the great importance of including substantial 
magnesium and vitamin C supplementation as an important part of any and 
all treatment protocols. 

Numerous documented non-diabetes-related clinical applications of 
insulin further support this reasoning.?! In one large study the use of 
intensive insulin therapy (an infusion to maintain glucose between 80 and 
110 mg/dl) in critically ill surgical ICU patients receiving mechanical 
ventilation reduced in-hospital mortality by 34% when compared to 
conventional therapy. Furthermore, the greatest reduction in mortality was 
seen in the subset of patients with advanced sepsis.2*?? Another study 
showed that when elevated blood sugars in myocardial infarction patients 


without previously diagnosed diabetes (“stress hyperglycemia”) remain 
uncontrolled, there is also a significantly increased risk of in-hospital 
mortality.°* 

Considering that many individuals live with diabetes and blood sugars 
well above 110 mg/dl on a daily basis for years, it would seem that the 
additional effects of insulin administration — beyond tighter glucose control — 
might play the primary role in the dramatic decrease in the early mortality 
rate of these ICU and CCU patients. As more magnesium and vitamin C are 
moved inside the cells, a larger percentage of the sickest cells survive due to 
the lowering of the elevated IOS seen in many of the cells in patients close to 
death. Many of these cells can then be repaired back to a normal or near- 
normal redox state. Increasing the number of healthy cells always equates to 
longer survival and less disease-related symptoms. 


When one realizes the role insulin plays 
in moving magnesium and vitamin C 
from the extracellular space to the 
intracellular space, studies reporting 
the positive impact of insulin on clinical 
outcomes make even more sense. 


While not characterized as a calcium channel blocker, insulin has also 
been suggested to have a calcium regulatory effect. In neurons, insulin 
appears to lessen the negative impact of increased intracellular calcium levels 
on the ability of that state to result in cognitive decline due to a phenomenon 


known as afterhyperpolarization.”° 


RECAP 


Insulin qualities that reduce, or cause 
to be reduced, increased IOS 


1. Primary factor for optimizing glucose metabolism, preventing 
or lessening the negative impacts of chronically increased 
glucose levels and their ability to increase body-wide oxidative 
stress and inflammation, as well as limited energy production 


via the Krebs cycle inside the cells 

2. Directly increases the cellular uptake of vitamin C 

Directly increases the cellular uptake of magnesium 

4. Lessens the negative metabolic impact of increased intracellular 
calcium levels 

5. More insulin receptors and more glucose/vitamin C transporters 
result from magnesium supplementation, further promoting via 
positive feedback the sustaining of increased cytoplasmic 
magnesium levels (and decreased cytoplasmic oxidative stress) 

6. Helps to reabsorb magnesium that would otherwise be 
excreted by the kidneys 


od 


Hydrocortisone 


Hydrocortisone (cortisol) and vitamin C are the two most important and 
most powerful naturally-occurring anti-inflammatory agents. A logical 
analysis of available scientific data could conclude that the primary reason 
initiating the acute inflammatory response of the immune system is the 
absence or severe deficiency of vitamin C and associated antioxidants. 
Wherever, focally or systemically, there exists a severe deficiency of vitamin 
C, inflammation ensues. Furthermore, the inflammation never resolves 
completely until a sufficient antioxidant presence, spearheaded by vitamin C, 
is restored. From a practical point of view, vitamin C deficiency and 
inflammation are essentially the same thing. At the very least, you will never 
find one without the other. 

When a vitamin C deficiency is not present throughout the body, it simply 
represents a state of what can be considered focal scurvy with focal 
inflammation. The inflammatory response to an area of infection, for 
example, occurs because the pathogens have consumed all of the vitamin C 
normally present in that area before infection ensued. When inflammation is 
body-wide, the vitamin C deficiency is body-wide as well, and variable 
degrees of intracellular scurvy are also present throughout the body. Low to 
extremely low plasma levels of vitamin C are consistently present when 
systemic inflammation is present, as in hospitalized patients with significant 
infections and following trauma.’®98 In addition to the depressed vitamin C 
levels, the blood levels of C-reactive protein, a reliable index of inflammation 


in the body, are consistently elevated.” 


Because of the way the primary immune response in inflammation occurs 
where vitamin C levels have been depleted, often to immeasurable levels, it 
can be argued that an important role of the immune system, or conceivably 
even the primary role of the immune system, is to directly supply a 
concentrated vitamin C/antioxidant delivery to the areas or tissues of the 
body most acutely depleted of vitamin C. 

The first immune cells to reach an area of acute inflammation are 
monocytes. These are cells that have exceptionally high concentrations of 
vitamin C (as much as 80-fold, or 8,000% higher than the surrounding 
plasma). Other immune cells also have very high concentrations of vitamin 
C.100-102 Of note, the only other cells having such extraordinarily high 
concentrations of vitamin C are some neuronal cells, which can have vitamin 
C concentrations 100-fold higher than the plasma. 

Monocytes also appear to have a significantly larger content and 
concentration of magnesium relative to lymphocytes.!°° This further supports 
the concept that the monocytes appearing as the first immune cells of an 
acute inflammatory response at the site of marked vitamin C deficiency are 
coming to deliver the antioxidant capacity of both magnesium and vitamin C. 
These appear to be the two most important agents for normalizing or at least 
lowering the elevated IOS present in the C-depleted cells. It has been 
suggested that the monocyte magnesium content would be a good indicator of 
total body magnesium status.104 

Regarded as the anti-stress hormone, cortisol is normally secreted from 
the adrenal glands promptly after any significant form of mental or physical 
stress is encountered. This acute release of cortisol results in an increase in 
blood glucose levels. Of significant interest is that in a vitamin C-producing 
animal, such an increase in blood glucose would subsequently result in a 
prompt increase in blood vitamin C levels as well, as glucose is the substrate 
that is converted to vitamin C in the liver of such an animal. Furthermore, in 
a vitamin C-producing animal, this glucose conversion into vitamin C is 
rapidly and profoundly increased in the face of substantial stress. However, 
man is genetically deficient in the last enzyme needed to catalyze the last 
chemical reaction in the biochemical pathway designed to produce vitamin C 
on demand. And since man is not such a vitamin C-producing animal, none 
of the acutely-released glucose gets turned into vitamin C. Subsequently, 
when such stress becomes chronic, the initial positive anti-inflammatory 
action of cortisol eventually becomes overwhelmed. Then an immune 


system-weakening effect begins to develop, as with the chronic immune 
system suppression seen with high-dose, long-term corticosteroid intake. 
Additionally, the toxicity of excess, poorly metabolized glucose significantly 
contributes to the negative long-term side effects of excess cortisol, whether 
taken as a prescription medication or pathologically produced in the body. 


This further supports the concept that the 
monocytes appearing as the first immune 
cells of an acute inflammatory response at 
the site of marked vitamin C deficiency are 
coming to deliver the antioxidant capacity 
of both magnesium and vitamin C. 


Magnesium supplementation results in a 
significant lowering of cortisol levels in 
circumstances of extreme physical stress. 


Magnesium and cortisol also have similar effects with regard to the 
lowering of elevated IOS. In an animal study, magnesium supplementation 
reduced salivary cortisol levels in conjunction with a reduction in stress- 
related behaviors. !°° 

Magnesium supplementation results in a significant lowering of cortisol 
levels in circumstances of extreme physical stress.1?®-108 One explanation for 
this effect is that such stress increases oxidative stress. This can be largely 
relieved by magnesium, and the need for the presence of increased amounts 
of cortisol to deal with the stress is lessened, bearing in mind that one critical 
role of cortisol is to help the cells to take up greater amounts of vitamin C. 

Another study found that magnesium supplementation in elderly subjects 
with primary insomnia, another stressful situation, not only led to better 
sleep, but cortisol levels were also significantly lowered in the process.!29 
This magnesium-cortisol-vitamin C connection is further supported by a 
randomized double-blind, placebo-controlled trial in young adults showing 
that 3,000 mg of vitamin C supplementation reduced cortisol levels while 


reducing subjective responses to acute psychological stress.'!° It would 
appear that when the “need” for cortisol-induced vitamin C uptake into cells 
is relieved by the administration of supplemental vitamin C, the cortisol level 
no longer has a physiological reason to rise. This also supports the idea that 
the ability of hydrocortisone to increase the intracellular levels of vitamin C 
is likely one of its most important effects when administered acutely and on a 
limited, short-term basis. 

It is also useful to look at the relationship between cortisol and 
intracellular calcium levels. Like magnesium, cortisol is antagonistic to 
calcium’s role in increasing IOS. Once again, what will be discussed are the 
effects of cortisol on an acute, limited basis, not those involved with long- 
term exposure to high doses or high endogenous levels. 

Multiple cell studies document the ability of hydrocortisone to 
dramatically lower intracellular calcium levels. This effect results in an acute 
lowering of IOS. Multiple in vitro studies examining the cellular uptake of 
calcium consistently show that hydrocortisone acts as a very effective 
calcium channel blocker, significantly limiting the influx of new calcium into 
the cytoplasm. This effect consistently results in a lowering of intracellular 
calcium levels.111-116 


Like magnesium, cortisol is antagonistic 
to calcium’s role in increasing IOS. 


Another study showed that the stimulation of glucocorticoid receptors 
decreases internal calcium levels.!'’ suggesting that the calcium channel 
blocking activity of cortisol likely takes place on the cytoplasmic side of the 
calcium channels, since the cortisol receptors are located inside the cell. The 
antagonistic relationship between hydrocortisone and calcium is further 
defined by the fact that increased calcium exposure to adrenocortical cells 
(cells that secrete cortisol) provokes a prompt secretion of cortisol. This is 
consistent with the idea that a role of cortisol is to keep intracellular calcium 
levels down.!!8 Essentially, cortisol lowers intracellular calcium, and the 
presence of excess calcium elicits the release of cortisol as a compensatory 
mechanism to keep the levels of cytoplasmic calcium under control. 


The ability of limited corticosteroid dosing 
to quell this inflammation, presumably 
via the mechanisms already discussed, 

resulted in shorter time to clinical stability 

and a shorter length of hospital stay. 


The ability of cortisol to promote healing in general is also supported by a 
number of randomized studies that looked at the effects of short-term (one- 
time dose to 10 days of dosing) corticosteroid administration in the treatment 
of community-acquired pneumonia, an infection characterized by a strong 
inflammatory response. The ability of limited corticosteroid dosing to quell 
this inflammation, presumably via the mechanisms already discussed, 
resulted in a shorter time to clinical stability and a shorter length of hospital 
stay. Some of the studies suggested a mortality reduction effect as well. It 
was suggested that the studies collectively made a strong case for making 
corticosteroid administration part of the routine standard of care in the 
treatment of such patients.'!? Regardless of the other agents given, vitamin C 
always helps resolve infections more rapidly, and hydrocortisone helps get 
that vitamin C inside the affected cells. 

Since hydrocortisone is a calcium channel blocker and works to keep 
intracellular calcium levels lower, it also serves as an antitoxin. That is true 
because all toxins effectively poison and/or kill affected cells by increasing 
calcium levels in the cell, which immediately translates to increased IOS. 

Cyclosporin A is an immunosuppressive drug that consistently provokes 
toxic side effects in the heart, liver, and kidneys. This drug exerts its toxicity 
by increasing intracellular calcium levels and cellular oxidative stress. 
Cortisol has been shown to decrease the toxicity of cyclosporin A in 
therapeutic protocols. In animal cell studies, in vivo and in vitro, cortisol 
reduces the toxicity of this drug by decreasing intracellular calcium levels 
and dramatically reducing the calcium fluxes seen with the administration of 


this drug.!29.12! 


Essentially, cortisol lowers intracellular 
calcium, and the presence of excess 
calcium elicits the release of cortisol as 


a compensatory mechanism to keep the 
levels of cytoplasmic calcium under control. 


Epinephrine in sufficient doses is also toxic, and it has been shown to 
increase myocardial calcium uptake when administered to dogs. The evidence 
of microscopic damage to the myocardium was significantly decreased when 
hydrocortisone was added to the epinephrine infusion.'** This again shows 
that the ability of cortisol to prevent or significantly lower calcium uptake 
into any cell facing a toxic threat lessens or blocks that toxic effect. Of 
course, although not addressed in these studies, cortisol also works to block 
the threat of any toxin by increasing cellular vitamin C uptake. And vitamin 
C has been repeatedly shown to be the most impactful single agent in 
existence for its ability to neutralize toxins, to block their toxic impact, and to 
repair oxidized biomolecules already exposed directly to toxins.!*° 

It is important to remember that hydrocortisone plays an important and 
direct role in lowering elevated IOS, at least acutely. Because of this, the 
clinician always needs to remember the following: 


The many negative effects of long-term, high-dose 
hydrocortisone or corticosteroid therapy should never be 
used as a reason to deny the patient the incredibly beneficial 
benefits of short-term, lower-dose cortisol therapy. 


It turns outs that corticosteroid (dexamethasone) administration was 
shown to significantly enhance the cellular uptake of vitamin C. This was 
initially demonstrated in a mouse cell study.'** Subsequently, in a human 
study on five volunteers, the uptake of orally-administered vitamin C into 
mononuclear white blood cells was greatly enhanced by intravenous 
hydrocortisone.!*° So, vitamin C keeps the intracellular hydrocortisone 
receptors in the reduced, active state, and hydrocortisone greatly facilitates 
the intracellular uptake of vitamin C. This is synergism at its best between the 
two most important anti-inflammatory agents in the body. 


RECAP 


Hydrocortisone properties that reduce or, 
cause to be reduced, increased IOS 


1. Serves as a calcium channel blocker, decreasing intracellular 
concentrations of calcium 

2. More calcium presence results in the reflex release of more 
hydrocortisone from adrenal cells 

3. Serves as an antitoxin by decreasing intracellular concentrations 
of calcium 

4. Increases the intracellular concentrations of vitamin C 

5. Magnesium decreases the reflex need of hydrocortisone to 
lessen intracellular calcium levels 


Thyroid hormone 


Thyroid hormone (T3) appears to be the most important hormone in the 
body in terms of suppressing or minimizing body-wide oxidative stress when 
its levels are normal in the cells throughout the body. Both too much and too 
little thyroid hormone effect have been shown to be associated with increased 
oxidative stress.!*° Elevated levels of TSH (thyroid-stimulating hormone) 
that are generally seen in hypothyroid patients also correlate with increased 
systemic inflammation. 1?” 

In an animal study, it appeared that the initiation of the hypothyroid state 
directly increased oxidative stress in a cause-and-effect manner. Furthermore, 
the decline in thyroid function was promptly followed by microscopic 
evidence of inflammation in the heart tissue.'*® Effectively, it appears that 
loss of thyroid hormone effect in the cells assures the onset and maintenance 
of some degree of increased systemic inflammation. Therapeutically, this 
means that all otherwise effective treatment protocols for any disease will fall 
far short of their potential for success if any degree of decreased thyroid 
hormone function remains undiagnosed and/or untreated. 

While many studies and trials have examined the clinical impact and 
treatment of any degree of hyperthyroidism or of marked degrees of 
hypothyroidism, it appears that there is literally an epidemic of minimal 
hypothyroidism (“subclinical hypothyroidism”) that is often not detected on 
standard thyroid testing (typically significant elevations of TSH). However, 
even a subclinical deficiency can profoundly impact health in general and 


heart disease more specifically. 129-131 


The degree to which even minimal deficiencies of thyroid function 
negatively impact the redox balance in the body is supported strongly by the 
logical inferences from the clinical data of a clinician who specialized in the 
treatment of hypothyroidism, Dr. Broda Barnes.'°* Dr. Barnes pioneered the 
concept of diagnosing low thyroid function by careful and repeated 
measurements of body temperature. He found many patients who 
demonstrated a good symptom and temperature response to dessicated 
thyroid therapy, yet who had normal conventional thyroid function tests. His 
observation was that a temperature consistently below 97.8 to 98.2 degrees 
Fahrenheit strongly suggested low thyroid function. And when any of the 
many symptoms of hypothyroidism was seen in the context of a lowered 
body temperature, thyroid therapy was initiated by Dr. Barnes. He also 
asserted that as long as basal temperature did not exceed 98.2 degrees 
Fahrenheit, there was “no risk of excessive thyroid dosage.” 


Therapeutically, this means that all 
otherwise effective treatment protocols 
for any disease will fall far short of their 
potential for success if any degree of 
decreased thyroid hormone function 
remains undiagnosed and/or untreated. 


Over a 20-year period, Dr. Barnes conducted a study on 1,569 patients 
who he treated with dessicated thyroid utilizing his body temperature 
protocol and his clinical expertise on the resolution of hypothyroid 
symptoms. Some of the patients were not followed over a full 20 years. At 
the end of the study period, Dr. Barnes noted that there had occurred only 
our heart attacks, all in men, ages ranging from 56 to 61. Retrospectively, 
Dr. Barnes suspected that these four individuals had been inadequately- 
dosed. 

Based on a well-established prospective health study (Framingham 
study), the incidence of heart attacks in a comparable pool of adults over the 
same 20-year period should have been 22 for the women and 50 for the men. 
Of great additional significance, no patient in the study was directly asked to 


stop smoking, and the pool of patients studied logically had the same 
incidence of diabetes, high blood pressure, root canals and other infected 
teeth, and all of the other chronic degenerative diseases as those individuals 
followed in the Framingham study. Furthermore, Dr. Barnes also noted that 
at least 30 heart attacks occurred in patients who dropped out the study and 
stopped taking their thyroid replacement. A majority of these individuals 
were young (under 60), and 5 were seen under the age of 50. 

Independent of his observation of the impact of low thyroid function in 
promoting coronary artery disease and heart attacks, Dr. Barnes also 
anecdotally noted that infectious diseases in general prospered when thyroid 
function was low, and was strikingly suppressed when the patient was in a 
normal (euthyroid) state of thyroid function. He also made the clinical 
observation that about 2 months of thyroid therapy was needed to clearly 
decrease the propensity towards contracting infectious diseases, and that the 
effect would wear off “in six months to a year if thyroid therapy is stopped.” 


Optimal Thyroid Status Provides 
Extra Protection Against the Systemic 
Spread of Dental Pathogens 


It is now well-established in the medical and dental literature that 
the development and evolution of coronary artery disease leading to 
heart attacks is nearly always (>90%) caused by the chronic arterial 
inflammation fed by the continuous seeding of oral pathogens, 
especially from infected teeth (commonly root canal-treated) and 
chronic periodontal (gum) disease. 133-194 

Root canal-treated teeth, which are all chronically infected, appear 
to be especially important in seeding the pathogens that end up in the 
coronary arteries and lead to atherosclerosis and heart attack. Their 
very presence in the mouth is statistically linked to a significantly 
greater chance of heart attack.'°° Indeed, the oral pathogens 
characteristically seen in root canals and other sites of oral infection 
are the same as the ones seen in the linings of atherosclerotic coronary 
arteries. One investigator scraped out the obstructing plaques in 
coronary heart disease patients by a procedure called atherectomy and 
then analyzed them. He found bacterial DNA in these specimens in 38 


out of 38 patients. Furthermore, over 50 different species of bacteria 
were found, and individual plaques typically had between 10 and 15 
different bacterial DNAs.'°° Nearly all of the patients had fungal 
DNA as well.!°’ Other investigators have also consistently found 
pathogens, especially of oral origin, in coronary artery plaques. 138-140 
To be perfectly clear, pathogenic bacteria (and fungi as well) should 
NEVER be present in a normal coronary artery. The lining of the 
normal coronary artery should always be pathogen-free. 

It is completely avoiding the obvious and logical conclusion to 
even suggest that these pathogens are not the primary reason for the 
evolution of atherosclerosis. Furthermore, the vast majority of 
acutely-formed platelet clots that are the immediate cause of complete 
coronary artery obstruction and heart attack have a very high 
concentration of these same pathogens. !*! 

The clear conclusion would appear to be that: 


Completely normal thyroid function protects strongly against both 
systemic infections as well as against the ability of chronic focal sites 
of infection to disseminate and to take hold at new sites. 


In other words, focal infections (teeth, gums, tonsils) strongly tend 
to STAY focal in persons with completely normal thyroid function. 
Effectively, thyroid normalcy allows individuals to coexist with their 
infections rather than have their general health eventually destroyed 
by their spread to distant, non-oral sites. 


Dr. Barnes did an extraordinary job of clinically evaluating and 
effectively treating his minimal to mildly hypothyroid patients. While a 
doctor can certainly use the same approach as Dr. Barnes, it would appear 
that measuring free T3 levels and reverse T3 levels is also an effective way to 
discover minimally hypothyroid patients and then to document that they have 
been effectively returned to the normal thyroid state with dessicated thyroid 
administration. Reverse T3 is an inactive form of the thyroid hormone that 
binds and blocks the normal binding sites of T3, preventing active T3 from 
exerting its proper physiological effect. It also appears that following the 
reverse T3 level is a reliable way to monitor and quantify increased body- 


wide oxidative stress. 

In diabetes, a prototypical disease featuring body-wide increased 
oxidative stress, T3 levels are consistently low and reverse T3 levels 
consistently elevated.'** Consistent with this relationship with increased 
oxidative stress, reverse T3 has been shown in vitro to cause increased 
proliferation of breast cancer cells and glioblastoma cells.'*? However, even 
with the availability today of reverse T3 measurements, it would still be 
highly advisable for today’s clinician to include Dr. Barnes’? body 
temperature monitoring for the optimal identification, treatment, and long- 
term follow-up of minimally hypothyroid patients. 

Monitoring free T3 and reverse T3 levels allows the physician to identify 
and treat the most common thyroid hormone malady: cellular 
hypothyroidism, a condition typically not apparent on regular thyroid testing 
[TSH in normal range with normal thyroid hormone levels], but nevertheless 
very common, and very clinically significant (especially as a primary cause 
of atherosclerosis and heart attack).'4+ Virtually all the cells in the body work 
to convert inactive T4 to active T3 with intracellular enzymes (deiodinases) 
that are subject to oxidation and inactivation as any other biomolecule.!*° 
Fully 80% of all the T3 in the body is generated in the cells of the body 
outside of the thyroid gland. This means that a thyroid gland functionally 
normally enough to produce normal amounts of T4 can exist in a body with 
clinically significant hypothyroidism if enough oxidative stress is preventing 
its conversion to T3 in the peripheral tissues. 147-148 


It has also been shown that a severely 
low magnesium level not only increases 
the risk of hypothyroidism, it also 
is associated with an increased risk 
of autoimmune thyroid disease. 


As body-wide oxidative stress increases and more of the deiodinases 
become oxidized, reverse T3 levels reliably increase and T3 levels usually 
decrease. Optimally, there should be a ratio of T3 to reverse T3 of about 18/1 
to 21/1. Slightly higher ratios should not be problematic as long as there is no 


clinical or other laboratory evidence of hyperthyroidism, and lower levels 
should always signal the need to begin some degree of thyroid therapy, while 
simultaneously looking to resolve sources of increased oxidative stress (e.g., 
infected teeth) to hopefully reactivate (reduce) the oxidized enzymes causing 
the abnormal T3 and reverse T3 levels. Many patients will need thyroid 
treatment for life, while others will just end up needing the identification and 
proper removal of focal infections to restore thyroid function normalcy after 
the reduction of increased systemic oxidative stress. 

As magnesium and thyroid physiology is essential to the well-being of 
every cell in the body, it follows that magnesium and thyroid have been 
found to have some important interrelationships. One study showed that 
while significant exercise reduced thyroid hormone activity, magnesium 
supplementation was able to prevent this reduction.'*? In cell and animal 
studies, it appears that thyroid hormone plays a significant role in 
maintaining intracellular magnesium homeostasis. The administration of 
thyroid to hypothyroid or hypothyroid cell models restores the magnesium 
balance observed in animals or cells with a normal thyroid status.!°? When 
the thyroid gland is removed, magnesium levels often drop.!°! In an animal 
model of diabetes, magnesium administration appears to improve the thyroid 
dysfunction otherwise seen.!°* It has also been shown that a severely low 
magnesium level not only increases the risk of hypothyroidism, it also is 
associated with an increased risk of autoimmune thyroid disease.!°° 

Thyroid hormone has also been shown to have largely opposite effects on 
calcium levels and calcium metabolism compared to its effects on 
magnesium. This is to be expected since calcium and magnesium have a 
reciprocal relationship throughout the body. Just as thyroid supplementation 
to hypothyroid animals restores intracellular magnesium levels in cardiac 
cells, thyroid hormone prevents intracellular calcium overload, a logical 
reciprocal effect.'°* Further consistent with these thyroid-magnesium- 
calcium relationship studies, it has been noted that in hypothyroid rats, 


myocardial calcium content is elevated while serum calcium is reduced.!°° 


RECAP 
Thyroid hormone properties and increased IOS 


1. Thyroid hormone is a major, and probably the main, regulator 


of oxidative stress inside cells and throughout the body. 
Thyroid hormone works to normalize intracellular magnesium 
levels in hypothyroid animals. Conversely, untreated 
hypothyroid animals have increased intracellular calcium and 
lower serum calcium. Thyroid hormone also acutely prevents 
intracellular calcium overload in animal heart cells. 

Minimally decreased thyroid function facilitates the likelihood 
of contraction of systemic infectious diseases, and it facilitates 
the metastatic-like spread of focal infections such as are often 
found in the oral cavity. This decreased thyroid function likely 
also increases the aggressiveness and metastatic capacity of 
many cancers. 

Minimally decreased thyroid function is extremely common, 
probably present in at least 50% of older individuals, especially 
those with significant chronic degenerative diseases. 
Magnesium status strongly impacts the normalcy of thyroid 
status, and thyroid status significant impacts magnesium 
homeostasis. 

Achieving an optimal impact from any clinical protocol must 
include the normalization of thyroid status. 


Vitamin C 
Supplementation 


An Essential Guide 


The overall goal of any supplementation regimen should be to optimize 
the antioxidant status (stores) throughout as much of the body as possible. 
More specifically, as has been discussed at some length in this book, 
lowering or normalizing elevated intracellular oxidative stress (IOS) 
effectively treats all known diseases. When IOS can be reduced to normal 
physiological levels all disease-related symptoms should lessen or disappear. 
Furthermore, diseases that have not accumulated too extensive a degree of 
chronic oxidative damage in the body can actually be expected to resolve 
completely when this oxidative stress reduction goal is achieved and 
maintained. 

As vitamin C is the most important antioxidant in the body and literally 
the fuel (electron source) required by every cell in body to function normally, 
the primary aim of all treatment protocols should center on optimizing the 
levels of this vitamin on a daily basis. Other treatment protocols that lack this 
emphasis might still provide significant clinical benefits but those benefits 
will never be optimized if there is not a focus on keeping vitamin C levels 
normal in both the intracellular and extracellular spaces. 

Unfortunately, being able to precisely define a problem does not 
necessarily make it a problem that is easy to correct. Restoring and maintain 
the levels of vitamin C and other important antioxidants to normal or near- 
normal levels is not as simple as one would hope. While popping a vitamin C 


pill of any size daily will help just about everyone, it will virtually always fall 
far short of the goal of reaching the state of optimized health that a normal 
antioxidant balance will bring in the body. 

Many conditions, especially acute infections and acute toxin exposures, 
can readily be addressed and completely resolved with an aggressive 
administration of intravenous and/or oral multigram doses of vitamin C for 
several days.! However, optimizing vitamin C levels in various tissues and 
organs throughout the body to minimize the clinical impact and continued 
evolution of chronic diseases is a different story. This guide will first 
endeavor to outline the different ways in which vitamin C can be most 
effectively administered, along with important suggestions for both reaching 
and maintaining optimal tissue levels of vitamin C. Surprisingly, perhaps, 
getting vitamin C effectively into the body involves the interplay of many 
different administration factors. 


Important Factors in the Effective 
Administration of Vitamin C 


Dose 

Route 

Rate 

Frequency 

Duration of treatment period 
Type of vitamin C 

Adjunct therapies 

Safety 

Quality of overall protocol 


Se sic ts CA S cel a 


1. Dose 


While all of the factors of vitamin C administration to be discussed are 
important, inadequate dosing remains the single most important factor in 
preventing complete clinical success with the vitamin C treatment. This is 
especially for acute viral and bacterial infections. If enough vitamin C is not 
given to deal with the amount of increased oxidative stress involved with a 
significant infection, with an intoxication or poisoning, or with an ongoing 


medical condition, complete clinical success will never be realized. This is 
especially the case when an infection/poisoning/condition presents in a very 
acute and rapidly progressing fashion. 

It is also important to emphasize that some success short of an optimal 
response can just about always be seen no matter how little vitamin C is 
given. In sick individuals, reduced, electron-replete vitamin C is always in 
short supply, and any amount will be of benefit. It’s just a matter of whether 
the amount of vitamin C is able to help to the degree of being clinically 
apparent. Unlike many other clinical scenarios where more than the 
recommended dose of a clinically-indicated agent can cause toxicity or other 
clinical problems, more of vitamin C can expected to help even more. 

Even with the ultra-high doses of vitamin C that have been administered 
over the previous decades, a toxic level has never been defined. As vitamin C 
is the main nutrient on which the body runs, expecting a toxic effect from 
vitamin C at some point of increased dosing is somewhat akin to expecting 
toxicity to result from assimilating too much nutrition from a quality diet. 

In the treatment of acute infections and acute poisonings, optimal dosing 
is especially critical. If those conditions have been present for a long enough 
time before effective treatment is initiated, they can kill or cause long-term 
secondary organ damage. It is always important to give enough vitamin C to 
prevent new infection-induced oxidative damage while addressing repair of 
old oxidative damage. Lower dosing might eventually cure an infection, but 
achieving a cure as quickly as possible with higher vitamin C doses will 
always decrease the development of new oxidative damage while getting the 
infection under control before completely eradicating it. 

Since vitamin C toxicity is not a significant concern, determining the 
initial dose requires only minimal clinical evaluation and expertise. This is 
especially so when considering the ramifications of an uncontrolled acute 
infection or the acute consequences of a highly toxic poisoning that is treated 
with an ineffective protocol for an extended time. 

ALWAYS, when the patient is critically ill and in danger of imminent 
hemodynamic (blood pressure) collapse and death, be prepared to give 
additional dosing. Stabilizing the patient may even require direct injection 
over seconds to minutes by syringe. In an acutely poisoned or infected 
patient, prompt administration of more vitamin C should always be given 
before any clinical evidence of deterioration develops. When the patient is 
clinically stable and/or starting to show improvement, the clinician can then 


decide on the frequency and amount of future dosing from a less urgent 
perspective. It is always optimal to work with a clinician already familiar 
with vitamin C to monitor clinical progress and make dosing changes as 
indicated. But it is not necessary, and the lack of vitamin C toxicity always 
warrants an aggressive dosing approach in critically ill, clinically unstable 
patients. 

While not an absolute rule, a reasonable guide for selecting the initial 
intravenous dose of vitamin C suggests between 1 to 1.5 grams per kilogram 
of body weight. Practically speaking, this would mean 25 grams for most 
children old enough to readily tolerate an IV line, 50 to 75 grams for a 100- 
to 120-pound person, and 75 to 150 grams for a 150- to 250-pound person. 
Larger children will benefit most by starting at 50 grams. Lower doses and 
higher doses can always be given as deemed appropriate clinically, 
depending on body size and the acuteness and clinical stability of the patient. 

When determining long-term vitamin C dosing for general healthcare 
maintenance as well as the treatment of chronic disease, factors of 
affordability, convenience, symptom relief, and laboratory test results play 
significant roles in selecting both the type(s) and amounts of vitamin C to be 
taken daily. 


Affordability. It is always optimal to include a quality preparation of 
liposome-encapsulated form of vitamin C if financially feasible, as these 
forms are generally more costly than regular, unencapsulated forms of 
vitamin C. While there is no absolute maximal dosage, most individuals 
will do very well on one to five grams of this form of vitamin C daily. 


Be aware that there is a great deal of outright fraud among supplement 
manufacturers who claim they are selling a real liposome-encapsulated 
vitamin C. Also, note that all of the “homemade” formulations of 
“liposome-encapsulated” vitamin C tend to be emulsions and are not 
encapsulated at all. Although emulsions can somewhat improve initial 
uptake by the gut, they cannot provide the greatly-enhanced delivery of 
vitamin C into the cytoplasm and intracellular organelles (mitochondria, 
etc.) provided by quality liposomes of the right size and concentration. If 
this enhanced intracellular delivery is desired or needed, as in those with 
critical illness, a genuine liposome-encapsulated product is far better 
than other oral forms. But, a fraudulent product never makes sense from 


a health or economic standpoint. 


Convenience. Oral vitamin C is best given several times a day, due to its 
rapid clearance through the kidneys. This is less of a concern with the 
liposome-encapsulated form of vitamin C, as its significantly enhanced 
intracellular uptake removes it from the blood where it would be subject 
to increased filtration by the kidneys with a more rapid and greater 
degree of excretion. 


The best way to determine the appropriate daily dose of vitamin C the 
body needs is to administer a powdered form of sodium ascorbate or 
ascorbic acid in regular and increasing dosages to the point of diarrhea 
(bowel tolerance). Most reasonably healthy individuals will reach a 
daily bowel tolerance dose at somewhere between 5 and 15 grams. 
Some people have much more sensitive bowels, and cannot take more 
than one or two grams. If possible, such individuals should take more of 
the liposome-encapsulated vitamin C, as bowel tolerance is not an issue 
with that form of vitamin C. Other individuals have very high bowel 
tolerances of 20, 30, 40 grams or more of vitamin C, and even a handful 
of individuals cannot reliably reach a bowel tolerance level. Generally, 
these individuals have significant toxin levels in their bodies, often due 
to dental infections, such as root canal-treated and other infected teeth. 


Symptom Relief. Very few individuals have completely symptom-free lives. 
As all symptoms are mediated by increased oxidative stress in some area 
of the body, vitamin C can always be expected to lessen a symptom 
when dosed correctly, at the very least. Individuals who begin 
supplementing vitamin C quickly develop a sense for what amount of 
vitamin C makes them feel the best, and this is a good way to help 
determine long-term dosing. Other individuals who have no discernible 
symptoms will nevertheless begin to develop an increased “health 
awareness” the longer they supplement vitamin C. Such individuals 
often begin to feel even better than usual without having realized they 
were not feeling optimally before. Ultimately, as they sense just a slight 
impairment of wellness — even without clear-cut symptoms — they are 
able to discern that they are experiencing a toxic or infectious challenge. 
At that point, the vitamin C dose can be increased above maintenance 


levels for a few days to address the challenge and prevent an outright 
development of sickness. 


Laboratory Testing. Only the rarest of individuals these days have complete 
normalcy when given a broad array of baseline laboratory tests. As such, 
many abnormal tests will significantly improve or even normalize as 
vitamin C is administered over time. An astute healthcare practitioner 
can readily see in routine laboratory testing whether the general 
antioxidant status of the body, lead by vitamin C, is having as much 
effect as possible by examining the interval changes in tests over time 
and relating those test results to the amount of vitamin C being taken at 
those times. Laboratory testing is an especially elegant way to fine-tune 
vitamin C dosing, as many individuals may still feel great while certain 
laboratory tests are worsening over time. Such testing can give a new 
meaning to preventive medicine by not just treating a patient based on 
symptomatology. It is also very important to realize that the “reference 
range” of very many laboratory tests do not represent a true “normal 
range.” Such ranges are designed only to statistically group the tested 
population into subsets that are better considered to be “less abnormal” 
rather than actually normal. Some common blood tests actually have a 
“normal range” that doesn’t even include a truly normal result, because 
some toxicities/conditions are shared by such a large percentage of the 
population (e.g., ferritin levels and iron toxicity). 


2. Route 


Vitamin C can be given in many different ways including: 


Intravenously 

Intramuscularly 

Orally 

Rectally 

Nasally via misting inhalers (nebulization) 

Topically on the eyes or in the ears, and both on the skin as 
well as through it (transdermally). 


QNNNNN 


Most commonly, it is given orally and intravenously. The concept to keep 


in mind is that the success of any vitamin C treatment depends primarily on 
getting vitamin C molecules in direct contact with the pro-oxidant molecules 
at the site(s) of increased oxidative stress. When using vitamin C in the 
treatment of delicate areas, such as the eyes or the respiratory tract, it is 
important to always use pH-neutral solutions of vitamin C (sodium ascorbate 
or properly buffered ascorbic acid). Intramuscular injections, discussed 
further below, are great for babies and small children. Rectal administrations 
can also be an option if oral or intravenous routes are not feasible, or if a 
retention enema application is being used, as for a condition such as chronic 
ulcerative colitis. However, any inflammatory condition of the intestine or 
colon can also be very effectively treated by administering bowel tolerance 
doses of sodium ascorbate powder in water or juice, which also reaches the 
diseased areas quite effectively. 


3. Rate 


How fast a dose of vitamin C is given intravenously is a very important 
factor for maximizing the benefit of vitamin C therapy. Depending on the 
condition being treated and the effect that is desired, vitamin C can be given 
in seconds from a syringe as an IV push, or it can be infused rapidly, slowly, 
or even as a continuous infusion over 24 or more hours. 


IV Push: When a patient is in shock or imminent danger of death (such as 
might be seen after an acute exposure to life-threatening amounts of 
venom or toxin that are still largely circulating in the bloodstream), 
multigram doses of vitamin C can be given IV push with sodium 
ascorbate or well-buffered ascorbic acid. The idea is to get as much 
vitamin C in direct contact with circulating toxins as rapidly as possible. 
The results can be dramatic. Dr. Klenner described how he treated a 
cyanotic patient who was acutely poisoned by the bite of a venomous 
Puss Caterpillar only 10 minutes earlier and complaining of severe chest 
pain, the inability to take a deep breath, and the feeling that he was 
dying: 


“Twelve grams of vitamin C was quickly pulled into a 50 c.c. 
syringe and with a 20 gauge needle was given intravenously as 
fast as the plunger could be pushed. Even before the injection 


was completed, he exclaimed, “Thank God.’ The poison had 
been neutralized that rapidly.” 


New variations on Dr. Klenner’s approach described above include 
multi-gram vitamin C IV pushes augmented with magnesium, 
hydrocortisone, and insulin. These additions all enhance the ability to 
get vitamin C inside the cells of the body and rapidly decrease any 
elevated levels of IOS. 


Rapid Infusion: Rapid infusion generally means an infusion rate that is as 
rapid as a wide-open IV line will permit. Practically speaking, this 
translates to 500 to 700 cc of vitamin C solution being administered 
between 40 and 60 minutes, typically containing between 50 and 100 
grams of vitamin C. 


Since the glucose and vitamin C molecules are very closely related 
chemically, when such an amount of vitamin C is infused this rapidly, 
the pancreas perceives the vitamin C load as a glucose load. As a result, 
the pancreas secretes substantial insulin into the blood to deal with what 
it considers an acute excess of glucose that needs to be metabolized. For 
most individuals, the insulin release is significant enough that a 
pronounced hypoglycemia, sometimes as low as 20 to 25 mg/dL, ensues 
and is maintained until the TV is completed or some oral or IV forms of 
glucose are supplied to increase the glucose level. This type of vitamin 
C infusion, then, can be viewed as an endogenously-induced form of 
insulin potentiation therapy (IPT). 


IPT, involving the deliberate induction of substantial hypoglycemia with 
insulin injections, has been documented to be a very effective way to 
increase the cellular uptake of most nutrients and/or medications given 
at the same time.?4 The endogenously-induced IPT has the same effect, 
but also assuring a much larger uptake of vitamin C into the cells than 
would otherwise take place when it is infused at a slower rate and no 
significant release of insulin is stimulated. In cell studies, insulin has 
been documented to stimulate vitamin C accumulation.®®” Such studies, 
along with known effects of IPT, reliably indicate that similar 
mechanisms are in play for insulin promoting vitamin C uptake in all the 


metabolically active cells in the body 


Slow Infusion: As noted rapid infusions can acutely push much more 
vitamin C inside the cells via the mechanism of reflex secretion of 
insulin by the pancreas. However, a much greater portion of the vitamin 
C also ends up being excreted through the kidneys in the process. Many 
chronic degenerative patients, including heart patients and cancer 
patients, will benefit optimally when their infusion takes place over two 
or more hours. Many such patients will benefit from both rapid and slow 
infusions during the course of their protocol administration, as vitamin 
C, somewhat like regular antibiotic therapy, can offer more benefit when 
given several times as a high-concentration, rapidly-infused “loading 
dose,” to be followed over a more extended period of time with repeated 
slow infusions. This simply allows the underlying disease to be exposed 
to more vitamin C more of the time, often resulting in dramatic 
symptom lessening and even disease reversal. 


Continuous Infusion: This is a form of administration that should be of 
great value, and trials are currently taking place (2019). Dr. Klenner first 
made the suggestion with regard to the possible treatment of cancer: 


“This is the reason we believe a dose range of 100 grams to 300 
grams daily by continuous intravenous drip for a period of 


several months might prove surprisingly profitable.”® 


Perhaps the only flaw in Dr. Klenner’s assertion is that it would seem 
unlikely that most cancers would require months to resolve with such an 
approach. Although intravenous vitamin C is finally making inroads (as 
of 2018) to being given more often in the hospitals of the United States, 
an administration such as suggested by Dr. Klenner is not yet being 
done. At the Riordan Clinic, the most prominent clinic in the world in 
terms of intravenous vitamin C (IVC) infusions and vitamin C-related 
clinical and basic science research, an elastic bladder form of 
administration containing vitamin C and other nutrients, such as 
magnesium, is now being utilized to allow an individual to get a 
controlled slow intravenous infusion of the bladder contents over a 24- 
hour period as an outpatient. And when the patients are in the clinic 


during operating hours, additional IV pushes (pulses) of vitamin C can 
also be given to further optimize the presence of vitamin C in the blood 
“24/7.” 


4. Frequency 


The appropriate frequency of vitamin C dosing in any of its forms is 
completely based on the clinical response to the previous administration(s) of 
vitamin C. When treating an acute infectious disease or an acute 
intoxication/poisoning, the improvement of vital signs and the reported relief 
of any associated acute symptoms dictate how soon and how sizeable the 
next dose of vitamin C should be. When no significant improvement is seen, 
more vitamin C should be given immediately and generally infused more 
rapidly. IV push should generally be reserved for those circumstances when 
death or coma appear imminent. 

If an appropriately-sized dose of vitamin C is administered the first time, 
a positive response should nearly always result, and the decision of when and 
how much the second dose of vitamin C should be will still be dictated by the 
clinical expertise of the treating healthcare practitioner, if intravenous 
administration is being utilized. An oral vitamin C regimen can also be 
pushed in a vigorous fashion by a caregiver at home if no healthcare provider 
is involved. The most important parameters to follow in the early stages of 
treatment include: 


Y Lowering of elevated temperatures 

Y_Lessening of rapid heart rates and rapid breathing 

Y Normalization of elevated or depressed blood pressures 
Y Overall increased comfort level of the patient 


It is also important to give sizeable doses of both regular vitamin C and 
liposome-encapsulated vitamin C orally regardless of whether the patient has 
also been receiving any intravenous administrations. 

The value of the frequency of vitamin C administration was revealed in 
2017 when a protocol for relatively small doses (1.5 grams) of vitamin C 
given every six hours (along with hydrocortisone and thiamine) resulted in 
the survival of most patients in septic shock treated in the intensive care unit 


(8.5% mortality versus a 40% mortality in an untreated group).? Another 


similar study showed that a comparable dose of vitamin C by itself every six 
hours also produced the same impressive result in saving patients with 
advanced sepsis. !° 

Certainly, it remains clear that a large increase in toxin- or infection- 
induced oxidative stress requires a large amount of antioxidant administration 
to directly control and begin to resolve any clinical condition resulting from 
such stress. However, the studies cited above on vitamin C and sepsis (short 
of death, sepsis is the most advanced degree to which a systemic infection 
can evolve) appear to indicate that the frequency of vitamin C administration 
might be just as important as absolute dose. As it is known that vitamin C in 
the blood gets rapidly excreted via the urine, the takeaway lesson is that if 50 
to 100 grams of vitamin C is going to be administered per day to an 
individual, it will probably have greater impact if given in divided doses 
every six to eight hours. This way, less will be excreted and more will be 
available to deal with the oxidative stress overload. Obviously, if the patient 
is not hospitalized but in a clinic, the one-time intravenous administration per 
day might be the only practical way to proceed. 


5. Duration 


Especially for significant acute infectious diseases, the duration of a 
vitamin C treatment regimen, by whatever route of administration, is 
important. Such a patient usually dees responds very dramatically to a large 
initial dose of vitamin C. However, even when clinical normalcy appears to 
have been restored, it is very important to give sizeable doses of vitamin C 
for at least 48 hours after the patient “appears” completely cured. Acute 
infections, especially viral ones, can often rebound when vitamin C therapy is 
not extended for this length of time. Along the same line of thought, giving a 
large amount of vitamin C orally, IV, and/or IM every 4 to 6 hours around the 
clock will completely resolve an acute infectious syndrome much more 
rapidly than would be seen with much larger doses given 24 to 48 hours 
apart. 


6. Types of Vitamin C 


The essence of vitamin C is its ascorbate anion. The associated cations 
include the following: 


Hydrogen (ascorbic acid) 

Sodium 

Calcium 

Magnesium 

Transitional Metal (Manganese, Zinc, Molybdenum, 
Chromium) 

Ascorbyl Palmitate 

Y “Vitamin C Complex” 
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Ascorbic Acid is really the prototypical form of vitamin C. This is always a 
desirable form of vitamin C to take when there is no concern with 
stomach upset due to excess acid effect, or no concern of excess acidity 
causing pain at the catheter site when not sufficiently buffered and given 
intravenously. Sodium ascorbate is probably the optimal form of regular 
vitamin C that has not been encapsulated with liposomes. This is 
because very large amounts can be easily tolerated by the stomach, and 
it can be given up to the point of inducing a diarrhea-like effect when 
bowel tolerance is reached. If exceeding the bowel tolerance level is 
well-tolerated, this is also a very desirable effect as it neutralizes and 
eliminates a large amount of gut-generated toxins before they get 
absorbed, and the levels of bacterial pathogens are reduced as well. The 
amount of sodium ascorbate needed to exceed the bowel tolerance point 
can also be useful as a rough guide as to the degree of infection or 
toxicity that is present in the patient. Generally, the greater the infectious 
and/or toxic challenge, the more vitamin C gets absorbed earlier in the 
gut and the less of it reaches the colon to reach and exceed the bowel 


tolerance point. 111 


Calcium Ascorbate, which is commonly marketed as Ester C or buffered 
vitamin C, just adds another unnecessary source of calcium to the 
supplementing individual. While it is true that it is easy on the stomach, 
sodium ascorbate is tolerated just as easily and does not add to the pre- 
existing state of calcium excess already present in most older 
individuals. It should also be noted that large amounts of sodium 
ascorbate can be taken by most individuals, including those with high 
blood pressure and heart disease, without causing fluid retention or an 
increase in blood pressure. This is because it is sodium chloride, not 





sodium associated with another anion like ascorbate, citrate, or 
bicarbonate, that reliably causes fluid retention and aggravates high 
blood pressure in individuals sensitive to volume overload. The term 
“sodium-dependent” hypertension should forever be replaced with the 
term “sodium chloride-dependent” or “table — salt-dependent” 
hypertension.'*-!4 In any event, large doses of sodium ascorbate should 
not be avoided for fear of provoking elevated blood pressure. 


Magnesium Ascorbate is an excellent form of vitamin C since it brings both 
magnesium and ascorbate into the body. The only practical limit to 
dosage with this form of vitamin C would the amount that starts to 
approach bowel tolerance and result in diarrhea. Probably the main 
reason against supplementing magnesium ascorbate on a regular basis is 
that it adds significant cost to what are two exceptionally inexpensive 
supplements when taken as separate supplements. It is also somewhat 
less well-tolerated by the stomach than sodium ascorbate, depending on 
the individual. 


Potassium Ascorbate is also a good form of ascorbate for supplementation. 
The only problem is that it is relatively easy to overdose on potassium, 
which can cause fatal cardiac arrhythmias, especially if it is taken with 
the same abandon as so many other completely nontoxic supplements. 
Potassium should never really be taken on a regular basis unless advised 
by a healthcare practitioner who has done appropriate clinical and 
laboratory testing beforehand. For people who are in need of potassium 
supplementation, this can be an excellent supplement. It just needs some 
measure of regular monitoring to make sure blood levels of potassium 
do not get dangerously elevated. 


Transitional Metal Forms of ascorbate are not really good forms of vitamin 
C to ingest in large amounts on a regular basis. While ascorbate has no 
real toxicity concerns, most of the transitional metal ascorbates, 
especially manganese, molybdenum, zinc, and chromium, can very 
easily be overdone. Also, as mentioned above, they are needlessly 
expensive and do not end up providing the amounts of vitamin C that 
most individuals should be taking on a regular basis. It is better to take a 
quality supplement with a wide range of bioavailable minerals along 


with multigram amounts of sodium ascorbate separately. 


Ascorbyl Palmitate. Vitamin C, which is water-soluble in all the forms 
discussed above, also comes in a fat-soluble form known as ascorbyl 
palmitate. Including at least a gram or two of ascorbyl palmitate in a 
daily supplementation regimen can provide important additional 
antioxidant coverage in fat-rich tissues and areas not otherwise well- 
protected by the more common forms of vitamin C.!>!°!7 Ascorbyl 
palmitate has been demonstrated to protect the cell membrane of intact 
red blood cells! as well as to protect important anti-atherosclerotic 
lipoproteins in the body.!° It has also been employed as an antioxidant 
to prevent skin aging.*? Liposome delivery systems containing ascorbyl 
palmitate have been demonstrated to kill cancer cells in vitro as well as 
to slow tumor growth in mice more effectively than with free ascorbic 
acid.*! All of these studies indicate the importance of including ascorbyl 
palmitate as part of an optimally effective vitamin C-centered protocol. 
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‘Vitamin C Complex”? There are also vitamin C supplements being 
marketed as “Vitamin C Complex,” with the basic assertion that vitamin 
C must be present in a “food form” with multiple associated substances, 
such as antioxidant bioflavonoids like rutin and quercetin, in order to be 
of any benefit. Many of the sellers of a product like this even make the 
incredible assertion that pure vitamin C, as ascorbic acid or sodium 
ascorbate, is of little to no benefit and will not even reverse scurvy by 
itself. A few “vitamin C complex” voices even assert that ascorbic acid 
is bad for you and could cause cancer. In a nutshell, this is all marketing 
hyperbole (and outright fraud and deception) by companies trying to 
carve out a piece of the vitamin C sales pie. It seems that some “experts” 
feel that if something completely outlandish is asserted often enough 
with a straight face and the appearances of pseudoscientific “support” 
that the public will think they are “on to something.” A deception or a 
lie remains just that no matter how many times it is repeated. 
Furthermore, all of these “experts” seem to have forgotten, or perhaps 
they never knew, that vitamin C-synthesizing animals make ascorbic 
acid and release it into the blood. They do not synthesize anything 
resembling a “vitamin C complex.” 


Certainly, vitamin C does function even better with as large a network of 
other antioxidants as can be assimilated. However, it is completely 
wrong and frankly ridiculous to assert that it will not reverse scurvy by 
itself, or that it is of very limited utility by itself. All the work of vitamin 
C pioneer Frederick Klenner, M.D. with infectious diseases and toxins 
demonstrated unequivocally the incredible and typically curative value 
of vitamin C utilized by itself in high doses in these conditions.*? Just as 
crazy, some sellers of a vitamin C complex supplement actually claim 
ascorbic acid is not vitamin C, which is as dishonest as a statement can 
be. Presumably, this assertion is made in order to convince vitamin 
Consumers that their product is the only one that can deliver the many 
benefits of vitamin C ingestion. Not surprisingly, this form of vitamin C 
supplementation is substantially more expensive that regular 
supplemental forms of vitamin C. Although this is a product that will 
certainly provide benefits, more benefit is available for less money spent 
on just ascorbic acid or sodium ascorbate. Buyer, beware (or be aware). 


7. Adjunct Therapies 


Unless another therapy is inherently pro-oxidant or toxic in nature, 
vitamin C will only augment the desired effects. For example, if an individual 
is receiving chemotherapy for cancer, the vitamin C might neutralize the 
chemotherapy drug itself if it is circulating in the blood at the same time and 
enough vitamin C is circulating in the blood. The chemotherapy is a toxic, 
electron-seeking agent, and the vitamin C is an antioxidant, electron-donating 
agent. When any chemotherapy agent has received the electrons it is seeking, 
it ceases to be toxic and can no longer kill or help to kill a cancer cell. 
However, this effect is easily avoided by staggering the dosing of any 
inherently toxic drug and any administered vitamin C by a few hours or so. It 
should also be noted that when vitamin C is given after a cancer 
chemotherapy agent, it helps both to kill the cancer cell even more effectively 
while also repairing the damage that was done to normal cells by the 
chemotherapy. When the vitamin C is given before such chemotherapy, a 
greater cancer-killing effect is also seen, and many normal cells that would 
have been damaged are protected by the greater concentration of vitamin C 
present. The literature is now very clear that vitamin C substantially improves 
the anti-cancer effects of chemotherapy while dramatically lessening the side 


effects associated with chemotherapy.7>~4 


It is also important to note that vitamin C does not interfere with the 
antimicrobial effects of antibiotics. Quite the contrary, vitamin C enhances 
the effects of many antibiotics, and one should never avoid indicated 
antibiotic therapy if there is the possibility to take it along with the vitamin C. 
Vitamin C has many different supportive effects on the immune system,7° 
including increasing the degree of antibody response to a pathogen. Even 
though vitamin C can often do the job on a bacterial infection by itself, there 
is no reason to avoid its synergistic effect with an appropriate antibiotic in 
resolving the infection. 


8. Safety 


An important factor in the administration of any therapy to treat a medical 
condition is how safe it is. Many traditional medical therapies can often have 
a desired clinical effect, but they can also have a significant side effect or 
toxicity some or even much of the time. “First, do no harm” continues to be 
the appropriate standard by which any therapeutic intervention should be 
measured, regardless of how effective it might be some of the time. Except in 
patients with significant chronic renal insufficiency or chronic renal failure, 
vitamin C has never exhibited toxicity at any level of administration. Of 
course, nearly all drugs have to be administered with caution in patients with 
kidney failure, and vitamin C is no exception. It should also be noted that 
many patients with deteriorating kidney function can benefit greatly from 
well-monitored vitamin C therapy, as inflammation, which is only another 
way of describing increased oxidative stress, is at the root of kidney disease 
evolution and eventual kidney failure. 

Outside of the context of poor kidney function, vitamin C is enormously 
safe given in the highest of doses over extended periods of time in even the 
sickest of patients.7° Also, vitamin C has no consistent relationship with the 
development of kidney stones, and vitamin C is not a risk factor for their 
development, even though there are continued efforts to assert otherwise.?’ In 
fact, vitamin C reliably decreases the chances of kidney stones, and the 
persons with the highest blood levels of vitamin C have the lowest incidence 
of kidney stone disease. The higher the blood level of vitamin C, the less 


chance there is of developing a kidney stone.*® The real culprit for the 


development of kidney stones is excess dietary calcium and supplemental 
calcium. For reasons that remain a mystery, the common calcium oxalate 
stone never seems to inspire investigation into the calcium intake of the 
stoneforming patient. Rather, the focus seems to target only foods and 
supplements that might increase urinary oxalate. Basically, if you eliminate 
calcium supplements, you eliminate any possibility of any oxalate source 
being a risk factor for stones. Excess dietary calcium, while a contributory 
factor, is probably less of a provocative stone-forming factor than just 
calcium supplementation.7? 

One very rare side effect of vitamin C can occur in patients with G6PD 
deficiency, an X-linked recessive hereditary disease. G6PD (glucose-6- 
phosphate dehydrogenase) is an enzyme that is especially important in red 
blood cell metabolism. When is it severely deficient in the red blood cells, a 
hemolysis (rupture) of many of the red blood cells can be provoked by any of 
a number of agents, resulting in the acute development of anemia. A G6PD 
blood test is readily available and if possible, it is appropriate to conduct this 
test before initiating vitamin C therapy. However, even when this deficiency 
is present, it is still unlikely that the vitamin C will provoke any significant 
red blood cell hemolysis. If a test is positive and the need for vitamin C is 
urgent, treatment should proceed, but with closer clinical monitoring, slower 
infusion, lower doses, and a slower increase of the vitamin C dose over time. 
It should also be noted that the initial doses of vitamin C should decrease the 
susceptibility of the red blood cells to hemolysis as well, since vitamin C 
helps to bolster intracellular glutathione levels, which strongly protects them 
from hemolysis. When time permits, the administration of other agents that 
increase intracellular glutathione levels and lowered IOS inside the red blood 
cells (N-acetyl cysteine, whey protein, liposome-encapsulated glutathione, 
liposome-encapsulated magnesium) can also stabilize the red blood cells and 
increase their resistance to hemolysis before the initiation of vitamin C 
therapy. 


9. Overall Protocol of Administration 


This factor is much more important in dealing with the treatment of 
chronic degenerative diseases than when dealing with acute infectious 
diseases or acute toxin exposures. Toxins and infections will generally 
respond favorably and rapidly to the aggressive administration of vitamin C 


as discussed above. However, how well vitamin C impacts a chronic 
condition depends on how effectively multiple other factors that use up the 
antioxidant capacity of the body are minimized or eliminated. These factors 
include the following: 


ENDOGENOUS Toxin Exposures. Such toxins result primarily from focal 
infections and areas of pathogen colonization. This includes endotoxins, 
exotoxins, aerobic and anaerobic metabolic byproducts. While there are 
many potential sites for focal infections to occur, well over 95% of 
significant focal infections originate in the oral cavity, in the form of 
root canal-treated and other symptom-free infected teeth, 
infected/inflamed gums, large sites of cavitational osteonecrosis, 
infected tonsils, infected sinuses, and infected lymph nodes draining oral 
cavity infections. 


EXOGENOUS Toxin Exposures. This results from toxin exposure in air, 
food, water, and the environment in which one lives and/or works. 


DIGESTIVE Toxin Exposures (technically an additional endogenous toxin 
exposure). Poor digestion and a sluggish, constipated gut permit a 
greater putrefaction of ingested foods that does not occur when bowel 
transit time is relatively brisk and normal. Highly toxic bacterial species 
such as Clostridium can proliferate, and the resulting toxicity can rival 
that of oral cavity infections. Chronically poor digestion is generally 
more toxic than generally poor food/nutrition choices. Less toxicity 
results from poor food optimally digested than perfect food choices 
poorly digested. 


EXCESS IRON Exposure. This is strongly promoted by the persistent and 
completely unnecessary “enrichment” of food with iron, much of it in 
the form of metallic iron filings. 


EXCESS CALCIUM Exposure. This is usually due to calcium 
supplementation, including from many antacid formulations. Excess 
dairy is statistically less important, but still a strong contributing factor 
to excessive calcium stores in many people. Low vitamin D levels 
further fuel the toxic contributions of excess calcium in the body. 


GENETIC Contributions to the magnification of oxidative stress in the 
body. Generally, any given genetic disease/deficiency has biochemical 
pathways that are unable to function normally and ultimately amplify 
whatever oxidative stress is already present. This can be in the form of 
abnormal DNA sequences (genetic defect) or gene expression 
[transcription] deficiencies and errors (epigenetics). 


HORMONE Deficiencies. Insufficient levels of testosterone, estrogen, 
thyroid hormone, and cortisol all independently serve to increase body- 
wide oxidative stress. All otherwise appropriate treatment protocols will 
never work optimally in the face of one or more of these hormone 
deficiencies. 


SUPPLEMENTATION Status. In today’s toxin-laden environment, a 
perfect diet perfectly digested will never give adequate, much less 
optimal, antioxidant support in the absence of adequate quality nutrient 
supplementation (vitamins, minerals, miscellaneous nutrient agents). 
Vitamin C is particularly important, since man should be synthesizing 
vitamin C from glucose in multi-gram amounts on a continual basis. 
However, the genetic expression of the enzyme necessary for this to 
occur in humans is missing. No diet could ever supply the amounts of 
vitamin C required for optimal health and metabolism. 


Multi-C Protocol 


As the ultimate goal of an optimally effective vitamin C protocol is to get 
as much of the active (reduced) vitamin C inside the cells of as many organs, 
tissues, and other sites in the body in the highest concentrations possible, the 
Multi-C Protocol utilizes multiple forms of vitamin C for supplementation. 
The basic outline of this protocol is as follows: 


1. Oral Liposome-Encapsulated Vitamin C 
This facilitates the optimal intracellular entry of vitamin C inside 
the cells as well as inside the intracellular structures (mitochondria, 
etc.). Although there is no absolute upper limit to the amount taken of 
this type of vitamin C, most health maintenance and health recovery 
programs will be well-served by a daily dose of one to five grams. 


Additional Background/Considerations 


Liposomes utilize a very unique biodelivery system, achieving a direct 
intracellular delivery of a substantial percentage of their payload,°?*! 
without the expenditure of energy in the process. When that payload is 
vitamin C, the result is cells containing more vitamin C which reliably 
decreases IOS without an accompanying depletion of the energy resources in 
the body. All other forms of regular, unencapsulated vitamin C, administered 
either orally or intravenously, need to consume energy for cells to end up 
with an increased content of active, reduced vitamin C. While oxidized 
vitamin C circulating in the blood can be taken into cells passively without 
the immediate consumption of energy via the glucose transporter (GLUT), 
energy must still be spent inside the cells to reduce it back to its active 
antioxidant state.°*°° Reduced vitamin C circulating in the blood, however, 
requires an active transport mechanism to get inside the cell, which means 
that energy must be consumed for the transport system to work.** Therefore, 
even when regular vitamin C is delivered straight into the blood by 
intravenous injection, significant energy consumption must take place to 
increase the levels of active, unoxidized vitamin C inside the cells. 
Liposome-encapsulated vitamin C, even though taken orally, does not deplete 
any of the energy stores in the body to deliver its payload to intracellular 
spaces. 

In addition to their energy-sparing system of delivery, liposomes have an 
exceptionally rapid and enhanced form of absorption in the gastrointestinal 
tract, with very little remaining unabsorbed, unlike regular forms of vitamin 
C.*° The payload encapsulation by lipids also prevents potential stomach 
upset by the liposome contents, as well as any premature breakdown or 
degradation of the liposome contents that might otherwise occur from 
enzyme and/or stomach acid exposure. In the case of liposome-encapsulated 
vitamin C, there is no issue of bowel tolerance and diarrhea as is seen with 
regular forms of vitamin C, although a very large dose of liposomes could 
potentially result in oily, greasy stools in some individuals. 

In a nutshell, then, the unique intracellular delivery of vitamin C 
encapsulated in liposomes makes it an essential part of any protocol that 
strives to optimize support of intracellular vitamin C and antioxidant levels. 
An additional practical point is that it is very important to take a supplement 
with a high concentration of liposomes of an appropriately tiny size. Many 


commercial “liposome” formulations, incompetently or fraudulently, contain 
no liposome at all. The “homemade” formulations are actually only 
emulsions and also have zero liposome content, although advertised 
otherwise. An emulsion can contain two or more substances that do not 
normally go into solution, like fat and water, in what can be characterized as 
a smooth watery suspension containing small fat globules. However, these 
globules are as much larger than liposomes as a house is larger than a grain of 
sand. None of the unique intracellular biodelivery characteristics of 
incredibly tiny liposomes are shared by the much larger globules of fat. 
Nevertheless, the “homemade” preparations do improve vitamin C absorption 
from the gut and the general benefits of unencapsulated vitamin C can still be 
realized. 

An emulsified supplement containing vitamin C and lecithin-derived 
phosphatidylcholine can certainly provide some clinical benefit since both 
substances are individually quality supplements. Phosphatidylcholine has 
been demonstrated to have multiple positive effects.°°°? However, an 
emulsion does not have the ability to put anything directly inside cells 
without the consumption of energy like liposomes of the appropriately tiny 
size. Once again, buyer beware, as multiple manufacturers are trying to jump 
on the “liposome bandwagon” without going through the substantial expense 
and care involved in producing a consistently high-quality product. The 
benefits of vitamin C properly encapsulated in liposomes are literally 
exponentially better that the same amount of vitamin C delivered orally in an 
emulsion just containing phosphatidylcholine. 


2. Sodium Ascorbate Powder 

For most people a multigram dose of this form of vitamin C in 
divided doses, up to or even exceeding bowel tolerance (“C-flush”) 
with large amounts of water (or juice) cleanses the gut of putrefying 
food, while neutralizing toxins that have been generated locally. This 
form of vitamin C supplementation also helps to optimize local 
extracellular ascorbate levels, especially supporting the many 
immune cells surrounding the gut. This should always be initiated 
before eating, and best if done on an empty stomach first thing in the 
morning. Ascorbic acid powder is perfectly acceptable as well if it 
does not cause stomach upset. 


Additional Background/Considerations 


The consumption of vitamin C on a regular (optimally daily) basis as 
sodium ascorbate powder facilitates the direct neutralization of toxins that are 
formed by the incomplete digestion, or putrefaction, of different foods. When 
the doses are pushed high enough and bowel tolerance is reached, further 
intake results in a watery diarrhea. This watery diarrhea, also known as a C- 
flush, further ensures that a substantial amount of toxins is directly eliminated 
without the need for neutralization as well. Inducing a C-flush at least once 
weekly is a great idea for general health support, as it allows for toxins to be 
eliminated, uneliminated toxins to be neutralized, and it helps keep the 
bowels regular even when the amounts of vitamin C being ingested are not up 
to bowel tolerance levels. If desired, inducing a C-flush even more frequently 
is fine. 

Anything that induces bowel movements at least once a day, and 
preferably twice a day, will definitely promote good health. When ingested 
foodstuffs stay in the gut for more than 24 hours, significant putrefaction and 
anaerobic bacterial toxin formation will always result. Because of this, any 
degree of constipation is a substantial additional challenge to maintaining a 
healthy level of vitamin C and other antioxidants in the body, as many of the 
most potent toxins generated in a sluggish gut are equal in toxicity to those 
seen in chronic dental infections, like root canals and other chronically (or 
acutely) infected teeth. 

The regular ingestion of sodium ascorbate also assures a regular uptake of 
vitamin C into the extracellular fluids and spaces of the body. Just as the 
liposome-encapsulated vitamin C targets the intracellular spaces, the vitamin 
C powder continually supplies the extracellular areas while providing all of 
its other benefits in producing a healthy gut. Of course, some of the 
extracellular vitamin C also eventually makes its way inside the cells as well, 
just not with the efficiency of oral liposome-encapsulated vitamin C. 

Finally, it is always best to proceed with a planned C-flush first thing in 
the morning before eating. It can be done at any time of the day, but when a 
large amount of undigested food is located midway in the gut and is not ready 
to be eliminated, a great deal of gas and uncomfortable abdominal distention 
can develop when the elimination of the upstream sodium ascorbate is 
effectively being blocked 


3. Ascorbyl Palmitate. 

Taking this form of vitamin C helps support vitamin C levels in 
areas requiring fat-soluble access, as regular vitamin C is water- 
soluble. One to three grams daily would be a good dose for most 
individuals. 


Additional Background/Considerations 


As noted above, ascorbyl palmitate is a unique form of vitamin C that is 
fat-soluble rather than water-soluble. As such, this allows the antioxidant 
effects of vitamin C to reach areas normally not as readily accessible to 
regular, water-soluble vitamin C. The cell membranes of the body are a 
particularly important site of oxidative stress in need of fat-soluble electron 
sources for repair. Vitamin E is also important in serving to repair oxidative 
stress in areas of high fat content. 


4. Intravenous Vitamin C (IVC) 

This form of vitamin C gets the blood levels of vitamin C vastly 
higher than any other form of administration, optimizing extracellular 
vitamin C levels throughout the body. Most IV vitamin C 
administrations will range between 25 and 150 grams at a time, 
depending on the condition being treated and the physical size of the 
patient. These high extracellular levels also result in a strong support 
of intracellular vitamin C levels, which also serves to support 
intracellular glutathione levels. Additional important ways to deliver 
vitamin C intravenously include low-dose, continuous infusions, with 
or without intermittent IV push vitamin C (pulsing protocols). 


Additional Background/Considerations 


IVC allows the administration of vastly higher doses of vitamin C than 
can be given by any other route. It results in very high concentrations in the 
blood and extracellular fluids. It also eventually increases intracellular 
vitamin C levels as well, even though energy consumption is required to 
achieve this, as noted above. Although all forms of vitamin C have been 
documented to have potent antitoxic and antimicrobial properties, a very 
large body of scientific evidence collected since the early 1940s has shown 


that properly-dosed IVC can result in a degree of toxin (poison) 
neutralization and infection resolution that simply has not been rivaled by any 
other agent up to now.“ It is also important to emphasize that vitamin C need 
not be used instead of other traditional agents for combating toxins and 
infections, as it works well along with any other traditional measures used for 
these conditions. However, the evidence does clearly show that vitamin C 
works better as a monotherapy than any other single agent that contemporary 
medicine has to offer. 


5. Intramuscular (IM) Vitamin C 

Although much lower amounts of vitamin C can be injected into 
the muscles than can be delivered by intravenous infusion, this form 
of administration helps to maintain an increased blood level for a 
longer period of time than can be expected with intravenous infusions. 
Along with IV administration, IM injections serve to provide a 
longer-acting delivery of vitamin C before much of it is excreted in 
the urine. 


Additional Background/Considerations 


Another parenteral (non-oral) application of vitamin C that is little used 
today but that can be highly effective in certain situations is the intramuscular 
route. Frederick Klenner, MD, who singularly pioneered the field of the 
effective clinical applications of vitamin C, would often use intramuscular 
injections in young patients who were not optimal candidates for taking 
anything intravenously, or for ingesting sufficient quantities of anything 
orally. Regarding the intramuscular injection of vitamin C, Dr. Klenner had 
the following to say: 


“In small patients, where veins are at a premium, ascorbic acid 
can easily be given intramuscularly in amounts up to two grams at 
one site. Several areas can be used with each dose given. Ice held 
to the gluteal muscles until red, almost eliminates the pain. We 
always reapply the ice for a few minutes after the injection. 
Ascorbic acid is also given, by mouth, as followup treatment. 
Every emergency room should be stocked with vitamin C 
ampoules of sufficient strength so that time will never be counted 


—as a factor in saving a life. The 4 gram, 20 c.c. ampoule and 10 
gram 50 c.c. ampoule must be made available to the physician.”* 


It should also be noted that the typical injection used by Dr. Klenner was 
sodium ascorbate or ascorbic acid buffered with sodium bicarbonate, not just 
straight ascorbic acid. As well, great care needs to be taken to ensure that the 
entire injection is intramuscular, with none of the injection being contained in 
the loose subcutaneous tissue. Whether by misguided intramuscular injection 
or by an infiltrated intravenous infusion of vitamin C, subcutaneous 
placement of any amount of vitamin C is enormously painful, often for up to 
an hour or so before resolving. While no damage is done by a subcutaneous 
infiltration, the pain is significant enough that the patient might not be so 
willing to permit future vitamin C infusions or injections, which would not be 
in the best interest of the patient. 


6. Endogenous Vitamin C Production 

Recent research has shown that a nutrient polyphenol exists which 
appears to “unblock” the genetic defect for producing vitamin C from 
the liver, long felt to be an irreversible genetic disease.** This can 
greatly expand the ability for optimally benefiting from the 
contributions that vitamin C can make to improving health and 
increasing longevity, as it has far more than a vitamin role, being the 
most important nutrient in the body. 


Additional Background/Considerations 


Nearly all mammals, reptiles, and amphibians have to ability to 
enzymatically synthesize vitamin C, with some animals far more capable than 
others in terms of amount per body size. Some synthesize vitamin C in their 
livers, others in their kidneys.***4 But they make it nevertheless. It has long 
been accepted that human beings, along with primates, guinea pigs, and fruit 
bats, cannot synthesize any vitamin C from glucose in their livers. However, 
the assertion is that the enzyme sequence needed for hepatic vitamin C 
synthesis functioned at some time in the past, but that the function of the last 
enzyme, L-gulonolactone oxidase (GLO), became non-functional for unclear 
reasons. 

Just as importantly, animals that make their own vitamin C consistently 


make more vitamin C when increased oxidative stress (infection, toxin) 
appears in the blood stream. However, when humans face a large enough 
amount of oxidative stress, such as from a new viral exposure, they just get 
sick until their immune systems can gradually respond sufficiently to counter 
the infection and eventually resolve it. Also, humans frequently develop 
diabetes. Vitamin C-producing animals do not. This is probably due to the 
fact that the vitamin C-producing animals are continually converting their 
excess glucose into vitamin C while the human being just accumulates the 
glucose and either stores it or ends up sustaining damage from it when the 
glucose binds with different proteins in the body, causing a loss of their 
natural function (advanced glycation end-products). 

As it turns out, there are human beings that can make vitamin C. The 
evidence has been “hiding in plain sight” for a long time. The actual GLO 
genome, or sequence of coding DNA, has been identified in humans, 
although it was felt to represent the “remnants” of the intact genome.*° 
Although very many sailors died at sea of scurvy centuries ago, little 
attention is paid to the fact that a small percentage of sailors did survive, 
eating the same diet devoid of vitamin C as the others who succumbed. 

It appears that a fetus developing in the womb not only makes vitamin C, 
it makes quite a lot, with levels in the brain running 400 to 1100% higher 
than the levels seen in adults. It has also been observed that umbilical cord 
blood had vitamin C levels 400% higher than seen in the maternal blood 
plasma.*° Breastfed babies maintained a blood level of vitamin C roughly 
twice that of the vitamin C levels in the mothers, and it was noted that the 
maintenance of these vitamin C levels was “relatively independent” of the 
nutrition status of the mothers, or of the vitamin C concentration in the 
milk.” This at least suggests that the act of breastfeeding could be promoting 
by mechanisms unknown the transcription of the GLO gene with vitamin C 
production in the baby. Certainly, such an effect by itself would be a very 
significant reason why breastfeeding is vastly superior to bottle feeding for 
the support of good health and infectious disease prevention and resolution. 

Even some children appear to be making their own vitamin C, as Bantu 
children subjected to what was termed “severe malnutrition” with estimated 
intakes of 3 to 8 mg of vitamin C daily did not develop overt scurvy.*® A 
number of small studies looking at the conditions needed to induce severe 
vitamin C depletion found that a few individuals (adults) continued spilling 
substantial (saturation levels) of vitamin C in the urine after the other subjects 


had stopped such spillage. One young woman went 149 days without any 
dietary ascorbic acid and “never showed any symptoms,” subsequently being 
taken out of the vitamin C-depletion study in which she was participating. 
Similar observations have been made with guinea pigs, as some of them 
appear likely to have the ability to make vitamin C as well. The most obvious 
conclusion is that some “genetically-deficient” humans and guinea pigs, two 
species supposedly incapable to making any vitamin C, are actually capable 
of such synthesis.*?-°* In a small but very compelling study, three guinea pigs 
were fed a vitamin C-free diet and manifested no symptoms of scurvy even 
after 4 to 8 months. [It should be noted that guinea pigs deprived of vitamin 
C rapidly lose weight and start dying of scurvy by about the 30" day of 
deprivation.°° Furthermore, these three animals had normal increases in body 
weight, and they excreted quantities of vitamin C in their urine far greater 
than the amount of the total body pool of vitamin C. Their healing response 
to experimental trauma was noted to be entirely normal. Finally, the vitamin 
C concentration in their livers after eight months of vitamin C abstinence was 
found to be more than twice that in guinea pigs given a daily intake of 10 mg 
of vitamin C. It was noted, however, that the frequency of finding such 
guinea pigs appeared to be “extremely small.”°° 

The most logical takeaway point from the vitamin C depletion studies and 
observations discussed above is that the genetic deficiency of vitamin C 
possessed by most humans (and guinea pigs) is NOT a straightforward error 
or defect in genetic coding, with one or more nucleotide 
sequencing/substitution errors in the DNA coding for GLO. Rather, it would 
appear that the lack of GLO enzyme permitting the synthesis of vitamin C in 
the deficient human is due to problems with the transcription process by the 
ribosome that allows the normal “expression” of the nucleotide sequence into 
the GLO protein. 

Such abnormal transcription falls in the realm of epigenetics, which 
basically refers to the variable genetic expression resulting from the impact of 
any of the modifiable factors that prevent or result in imperfect transcription 
of the DNA sequence. The DNA nucleotide sequence is normal, or normal 
enough, but the “machinery” needed to produce the protein coded from that 
sequencing is defective. 

A sequence of three consecutive nucleotides in a chain of RNA, derived 
from the information in the DNA chain, and that provides the genetic 
information designating an amino acid to be transcribed into the protein being 


synthesized by the ribosome is known as a codon. There are 64 possible 
combinations of the four nucleotide bases, 61 of which code for amino acids, 
and 3 which do not code for amino acids. These 3 codons are known as stop, 
or termination codons, which normally serve to mark the end of a sequence 
of transcription, with the result of a normally-formed protein. 

Scientific evidence supports the concept that many genetic “deficiencies” 
involve the presence of a premature stop codon being encountered too early 
in the transcription process to allow the formation/expression of a normal, or 
complete protein product. Why or how these stop codons appear in the RNA 
sequence prematurely is unclear, but there are now recognized various agents 
that promote the phenomenon of “premature termination codon 
readthrough.”°’ This means that these stop codons are skipped or ignored, 
and the protein formation can proceed to completion, and the protein is 
functionally normal. It has been estimated that approximately one-third of 
genetic disorders are the result of mutations inserting premature termination 
codons in the genes that code for proteins.°°°! Metaphorically, these 
premature stop codons are akin to a pieces of gum on a zipper, and there 
appear to be agents that effectively skip over the gum, allowing the unzipping 
(protein synthesis) to proceed to completion without interruption. 

Different genetic conditions have been positively impacted, sometimes to 
apparent resolution, with agents that are felt to promote premature stop codon 
readthrough. Some aminoglycosides (a class of antibiotics) have been found 
to facilitate this readthrough.°~®° In a mouse model of muscular dystrophy 
protein translation was restored by inducing the ribosome to bypass a 
premature stop codon.°* 

Resveratrol, a nutrient polyphenol found in grapes, red wine, some 
berries, and some plant extracts, has been found to induce the production of 
fetal hemoglobin in studies on cells from beta-thalassemia, who when left 
untreated end up needing repeated transfusions for life, as such patients have 
genetically impaired hemoglobin synthesis.© In one human study, resveratrol 
eliminated the need for transfusions in half of the thalassemia patients 
treated.°° Other plant extracts in addition to resveratrol, as well as rapamycin 
(an antibiotic) have also been shown to be fetal hemoglobin inducers.°’ 

All of the preceding information in this section should make it pretty 
clear that many genetic “diseases” are not conditions that have no hope of 
showing improvement, and in some cases, may have an actual clinical cure. 


Multiple agents, both prescription drugs along with plant- and food-sourced 
nutrients appear to have the ability to permit the protein expression of genes 
that otherwise appear to be completely blocked. With regard to the GLO 
expression in the liver that results in the synthesis of vitamin C in the liver, 
which is usually completely lacking in humans, there now appears to be 
another nutrient polyphenol along the lines of resveratrol that effectively 
unblocks this gene in humans. Found in olive oil and extracted from olive 
mill waste, this agent may prove to be one of the most incredible advances in 
the history of clinical medicine, when one realizes how valuable to longevity 
and overall good health having a steady production of vitamin C in the blood 
“24/7” would be. Preliminary unpublished research demonstrated an increase 
in vitamin C blood levels between 50 and 200% in five volunteers. 

Perhaps just as exciting as the increased levels of vitamin C in the blood 
seen in response to this agent is the apparent response of the degree of 
vitamin C synthesis in the face of substantial oxidative stress. Most humans 
that make no vitamin C will rapidly metabolize whatever vitamin C they have 
in the blood as a new infectious or toxic oxidative challenge is faced. As 
such, the excretion of vitamin C in the urine rapidly drops to zero measurable 
amounts. However, another unpublished observation on one individual who 
was already demonstrating that the product kept vitamin C levels in the blood 
in the normal range without additional vitamin C supplementation was noted. 
Using urine dipstick testing for vitamin C, it appeared that the liver of this 
individual was already keeping the spillage of vitamin C in the urine in the 
low-normal range. However, when a large toxin load was relatively quickly 
ingested (Scotch whiskey), the urine vitamin C spillage rapidly shot up to the 
maximal dipstick level, and stayed at the maximal level for a full 24 hours 
before returning back down to the previously measured low-normal range. As 
a significant toxin capable of inducing substantial oxidative stress, it would 
appear that the whiskey load stimulated the liver to reflexively synthesize 
much more vitamin C to neutralize that acute stress load, and to continue that 
synthesis (24 hours) until that stress was fully negated. Remember that the 
“normal” human that cannot synthesize vitamin C will simply use up 
whatever vitamin C was circulating in the blood, and any large oxidative 
challenge would just quickly drop the urine levels of vitamin C to zero as no 
new vitamin C is being synthesized. 


Practical IVC Considerations 


In addition to how quickly vitamin C should be infused and how much 
should be given at a time, it is very important that the patient is completely 
comfortable and free of discomfort or pain in the process. Significant pain 
during the infusion of vitamin C, or anything else for that matter, is always an 
indication that the infusion is not being well-tolerated. Such pain virtually 
always leads to phlebitis, or inflammation of the vein, if not promptly 
addressed at the time of the infusion. And phlebitis leads to a thrombosis of 
the vein, sometimes leading to a permanent loss of the function of that vessel. 
No matter how good a vitamin C-centered protocol might be, it will do no 
little or no good if the patient becomes severely noncompliant in returning for 
continued IV infusions. Since it is clear that most patients will get their best 
clinical results with optimally-dosed vitamin C versus other traditional 
therapies, it is important not to let the patient get to the point of refusing 
further IVC treatment. 

It should also be emphasized that most patients have no problem with 
vitamin C infusions, tolerating them without any symptomatology of any 
kind. However, when significant discomfort appears during an IV infusion, 
the following factors should all be considered in making the infusion as 
comfortable as possible: 


Y_ Size of intravenous cannula, or infusion catheter. A larger 
cannula inside a smaller vein can cause discomfort. 

Y Placement of cannula. Even though a cannula might be 
completely inside the vein, demonstrating venous backflow 
when tested, pain can ensue when the angle of the cannula 
abuts it directly against the side of the vein or when a venous 
valve is at the tip of the cannula. Oftentimes, nothing will stop 
the pain except cannula removal with reinsertion at another site 
in the vein, with greater care to insert the cannula in as coaxial 
an alignment as possible. 

Y Size of the vein. While some individuals can tolerate IV 
infusions in the tiniest of veins, many individuals cannot. The 
largest vein available should always be chosen, except when it 
is already known that smaller, more distal veins tolerate the 
infusion well, as in a larger man with substantially-sized veins 
on the back of the hand. If the patient is a smaller woman, or 


even a child, consideration should be given to having a central 
line placed if there appears to be no other way to get the amount 
of vitamin C infused at the rate desired, and the medical 
condition clearly warrants the therapy. 

Rate of flow. Many individuals tolerate a slower infusion 
perfectly well, while always noticing increasing discomfort the 
more rapid the infusion becomes. If this sensitivity is severe, 
consideration should again be given to the placement of a 
central line if deemed appropriate. Some patients will complain 
of discomfort and get relief when the infusion rate is slowed, 
and then later not feel any discomfort when the infusion rate is 
once again increased. Whatever the physiological reason for 
this is, it appears that the vein can show increased tolerance the 
longer it is exposed to the vitamin C infusion. Minimal 
discomfort can often be alleviated with cold (or even warm to 
hot) compresses gently applied and held over the infusion site 
as the infusion proceeds. 

Concentration. When a large enough vein cannot be found for 
infusion without significant discomfort, a more dilute infusion 
of vitamin C is warranted. 

Temperature of the infusion solution. Making sure the 
infusion solution is close to body temperature during the 
administration period can prevent a substantial amount of 
discomfort from ever developing in the first place. Many 
offices are quite cold, and the IV solutions often tend to be near 
to room temperature, or less, as a refrigerated vial of vitamin C 
is typically added to a room temperature bag. To minimize any 
degradation (oxidation) of the vitamin C once it is mixed, place 
the IV bag in hot water for 10 to 15 minutes before adding the 
vitamin C. The vitamin C vial can similarly be warmed 
immediately before being added to the IV bag. 

Presence of other solutes. Generally, it is best to infuse 
vitamin C and nothing else. While other agents can be added, it 
is important not to blame the vitamin C for discomfort in the IV 
when something else is at fault. Magnesium is usually very also 
well-tolerated, and strong consideration should always be given 
to adding this mineral unless an extremely rapid infusion is 


being planned. 

pH of the infusion. The more acidic an infusion is, the more 
likely it will hurt. A pH of 7.0 to 7.4 is ideal, and it is 
characteristically reached when sodium ascorbate powder is put 
into solution in sterile water. When ascorbic acid is used, it 
must be buffered with sodium bicarbonate. Vials of ascorbic 
acid already buffered with sodium bicarbonate are available, 
but they are generally buffered only to be somewhere in the 
range of pH 5.5 to 7.0. For the exceptionally sensitive patient, 
pH test paper should be utilized to make sure pH is in the 
optimal range, and more sodium bicarbonate should be added to 
the infusion if necessary to get into that pH range. 

Nature of carrier solution. Generally, it is best to infuse 
vitamin C mixed in sterile water. While normal saline, lactated 
Ringer’s solution, or DSW (5% dextrose in water) can be used, 
it is best to stick with vitamin C in sterile water, buffered as 
close to a pH of 7.0 to 7.4 as possible. In general, DSW should 
still always be avoided, since the sugar (dextrose) directly 
competes with vitamin C for entry into the cells, and the uptake 
of vitamin C into the cells is the ultimate goal of the IV in the 
first place. 

Presence of persistent or severe pain. Any extravasation, or 
leakage, of vitamin C outside of the vein and into the 
subcutaneous tissue is severely painful, usually persisting for an 
hour or more before dissipation is complete and pain is 
resolved. Sometimes the cannula can move back out of the vein 
transiently, and a little leakage will take place. When the 
cannula is completely out of the vein, it is obvious to the 
experienced practitioner. Regardless of the reason, a severely 
painful infusion should always be promptly discontinued. 

Vitamin C-induced hypoglycemia. Rarely, some individuals 
are so sensitive to the infusion of multigram amounts of vitamin 
C that they will demonstrate some hypoglycemia secondary to 
increased insulin release from the pancreas at infusion rates 
well below what most other patients tolerate easily. When any 
inexplicable agitation, sweating, minimal disorientation, or 
unexplained increase in blood pressure occurs, be prepared to 


give some fruit juice orally or some glucose intravenously. 
Also, while very rare, an occasional individual, typically poorly 
nourished in general and appearing to be actively losing weight, 
can have a delayed hypoglycemia reaction hours later at home. 
All patients should be encouraged to promptly eat after an 
infusion session is complete. 

Allergy-like reactions. Technically, the ascorbate anion 
should never cause an allergic reaction in anyone, as it is an 
essential nutrient and a natural antioxidant molecule vital to 
health, as well as a substance that can be used to treat an 
allergic reaction. Nevertheless, rare individuals might 
demonstrate a rash and feel poorly. When this occurs shortly 
after the IV is started, an allergy-like reaction is likely, and the 
IV should be stopped. Consideration should then be given to 
obtaining vitamin C from a different source. Corn is commonly 
a source, but beet and casaba are also sources. When the 
reaction occurs late in the IV or shortly after its conclusion, a 
detoxification from the cells is more likely. This type of 
reaction and how to deal with it is addressed below in the 
“Mop-Up Vitamin C” section. If different types of vitamin C, 
mixed in different carrier solutions, continue to produce the 
same effect, premedication with an injection of 100 to 250 mg 
of hydrocortisone will usually blunt or prevent the reaction. 
This is a one-time dose, and further steroids would not 
generally be needed following the infusion. 

No local anesthetics. While used by some practitioners, I am 
not in favor of giving any types of anesthetic agents that would 
prevent the perception of pain in the vein. If pain is reported by 
the patient, and pain relief through anesthesia is obtained, the 
pain-causing inflammation in the vein can still result in enough 
of a reaction that vein thrombosis and subsequent sclerosis, or 
scarring of the vein, can occur. Relieving infusion pain with 
anesthesia is not a good idea for the long-term health of the 
veins. However, this does not refer to the use of a small amount 
of lidocaine in the subcutaneous tissue to lessen or block the 
pain of the initial needle stick for placement of the intravenous 
cannula, if felt to be indicated. 


Mop-Up IVC 


Many individuals, especially sicker ones with acute and chronic 
infections, as well as substantial toxin accumulations in their bodies, will feel 
anywhere from minimally to substantially ill late during an infusion of 
vitamin C or directly following it. These symptoms flare-ups have been 
called Herxheimer, or Herxheimer-like reactions. The first described 
Herxheimer reaction occurred when syphilis patients with a high pathogen 
load took their first injection of penicillin. The kill-off of the pathogens was 
so extensive that massive amounts of pro-oxidant, dead pathogen-related 
debris was released into the blood as a result. The clinical result was a much 
sicker patient, at least in the short term, while the body processed and 
eliminated the toxic debris. Following an infusion of vitamin C, these 
Herxheimer-like reactions can occur because of one or more of the following 
reasons: 


V Whenever an acute or chronic infection responds 


dramatically enough to the antimicrobial effect of vitamin 
C. This results in the release of toxic debris into the blood and 


lymphatics, similar to the syphilis example above, as viruses, 
bacteria, and other pathogens are broken down and 
metabolized. 

Y Whenever a legitimate detoxification occurs. When some 
individuals with longstanding and substantial accumulations of 
toxins inside the cells receives a high enough dose of vitamin C 
quickly enough, toxins are then mobilized out of the cells and 
flood the blood and lymphatics. Generally, this occurs only 
when IOS levels are so high that many of the natural enzymatic 
chelators and toxin mobilizers are themselves in an oxidized 
and relatively or completely nonfunctional state. The massive 
vitamin C administration then causes a big intracellular rise in 
vitamin C, the enzymes are repaired by reduction (electron 
donation) from the vitamin C, and the toxins are released in 
large quantities as the enzymes again begin to function 
normally. It is very important to realize that detoxification is 
also retoxification, and many newly mobilized toxins are just as 
free to be redeposited anew somewhere else in the body as to be 
excreted in the urine or feces. Detoxification should never be 


deliberately done vigorously without the ability to promote 
neutralization and excretion of those toxins after they are 
released from the cells. 

Y Whenever a substantial quantity of cancer cells are rapidly 
killed via necrosis: When dosed and administered correctly, 
many different cancers will begin to resolve, often eventually to 
the point of complete resolution. When a patient has a relatively 
large physical mass of cancer cells in their body, this type of 
reaction is more likely to occur than when the collective cancer 
mass is small. This reaction can be very dramatic in some 
patients, and several days may be needed for the patient to 
properly neutralize, process, and excrete the pro-oxidant debris. 
Of note as well, both cancer cells and most infectious agents 
have very large concentrations of unbound, reactive iron inside 
them, and the rupture of cancer cells and pathogens via vitamin 
C-fed mechanisms can release quite abruptly large amounts of 
reactive iron into the blood and lymphatics. Iron is highly toxic 
(pro-oxidant) when concentrated in its unbound, reactive form. 
It is high amounts of iron that facilitate the proliferation of 
many cancer cells and pathogens in the first place. 


The Mop-Up vitamin C infusion, at first, might seem paradoxical. That is 
to say, the very same agent (vitamin C) that caused the flood of pro-oxidant 
debris into the blood and lymphatics is also the very same agent best suited to 
deal with that situation. The trick is in the amount of vitamin C infused and 
the rate at which it is infused. All three of the types of pro-oxidant reactions 
noted above share one thing in common. Namely, they needed large amounts 
of vitamin C given quickly to become manifest. However, at the termination 
of such an infusion, a “Low & Slow” follow-up infusion of vitamin C at 25% 
or less of the initial amount infused, infused over two hours or more, will 
readily “mop-up” much or all of the pro-oxidant debris released by the larger 
rapid infusion. The mop-up infusion does not significantly worsen the pro- 
oxidant release because its lower concentration and slower rate of infusion 
does not result in the same rapid increase in intracellular vitamin C uptake. 
However, it does very effectively neutralize the toxins already released while 
they are circulating in the blood and lymphatics. While the figures are not 
precise, this would mean that someone who was feeling well at the outset of a 


50-gram infusion of vitamin C but began feeling poorly after the completion 
of the infusion in about one hour, should then receive about 12.5 grams of 
vitamin C infused over another two hours. However, be aware that this is 
very approximate, and the clinician must make adjustment to the individual 
needs of the patient. At the Riordan Clinic, a modified “Mop-Up” approach 
was developed, when some patients receiving the first half of their infusion 
quite rapidly, followed simply by a much slower infusion of the second half. 
Such an approach also appears to prevent many significant detoxification 
reactions from occurring in the first place. 

While most pro-oxidant debris release scenarios occur when acutely 
stimulated, as with a vitamin C infusion, it also important to appreciate what 
is going on in a patient with an extended, chronic detoxification process. For 
example, when an older patient has an exceptionally large amount of stored 
toxins in the body, the stage is set for a chronic release of toxins when 
enough other circumstances come to bear. The relatively abrupt initiation of a 
quality supplement regimen, especially when accompanied or preceded by a 
removal of ongoing sources of toxin exposure, as seen in root canal-treated 
teeth, can result in enough of a reactivation of natural detoxification enzymes 
inside the cells that a chronic detoxification results. As such, the patient can 
begin to feel poorly a greater percentage of the time the less effectively the 
antioxidant capacity of the body is supported. 

Just as with the acute pro-oxidant debris release scenario, this chronic one 
is readily dealt with by the same “Low & Slow” vitamin C infusions, with a 
good clinical response typically realized. However, many chronic 
detoxifications can take months or sometimes years before the individual 
truly feels well, so experimentation must take place with finding the best 
amounts of vitamin C to also take orally that will neutralize the pro-oxidant 
products of detoxification without significantly further stimulating their 
release from the cells. 

Another especially important consideration about the Mop-Up vitamin C 
infusion is that is allows the healthcare practitioners to push vitamin C doses 
higher than might have been possible otherwise. As long as a patient feels 
good by the time they leave the office, they will generally come back for 
more treatment. Mop-Up vitamin C, then, is a tool that allows a large group 
of patients that could otherwise only tolerate substantially lower doses of 
vitamin C to push their doses into a range that will produce even more 
positive clinical outcomes that were not otherwise attainable, while 


optimizing patient compliance with a treatment regimen. 


RECAP 


All infections, all toxin exposures, and all chronic degenerative diseases 
will benefit some and often greatly from vitamin C that is properly-dosed and 
administered in an appropriate manner. The different forms of vitamin C and 
the various ways to give it offer a wide range of treatment possibilities, 
capable of being appropriately individualized for optimal clinical response. 
The new concept of Mop-Up vitamin C now allows the vitamin C 
practitioner to push the therapeutic envelope to previously unattainable 
levels. Utilized properly, vitamin C-centered protocols have already gone and 
will continue to go where no medicines have gone before or can ever expect 
to go. 


Companion 
Supplements 


Importance and Considerations 


Supplementation should actually be a highly-individualized process, and 
most definitely “one size does not fit all.” With all of the vitamins, minerals, 
herbs, plants and plant extracts, and other nutrient or nutrient-based 
formulations available, the number of potential supplementation regimens is 
virtually limitless. That is not to say, however, that supplementation along 
with vitamin C is not extremely important. Vitamin C just remains singularly 
important since the amounts of vitamin C present in any dietary regimen will 
not remotely approach the amount needed to support optimal health. 

Certain supplements are extremely important for literally everyone. The 
only time any of these should not be supplemented is when you are being 
treated by a highly-informed healthcare provider who advises you not to, or 
to at least modify dosage, for whatever reason. However, these are so 
important that you should definitely consider having a second opinion if you 
are advised to avoid any or all of them. Bear in mind that nearly all quality- 
produced dietary supplements available today have some beneficial impact 
on health. So, if your favorite supplement is not listed below, and you feel it 
is serving you well, do not feel that its absence on this recommended listing 
means you should no longer take it. 

AVOID calcium, iron, and copper supplementation. 


IMPORTANT SUPPLEMENTATION NOTE 


Any dosages mentioned herein are very general in nature only and 
should not be considered as a direct recommendation to any 
individual; as with prescription medicine, an optimal supplementation 
regimen should be achieved in conjunction with your physician or 
other healthcare provider. 


Vital and Essential Supplements 


1. Vitamin C 
2. Magnesium 
3. Vitamin D 
4. Vitamin K 


All four of these supplements have been documented to decrease the 
chances of death from any medical condition (all-cause mortality). They all 
play integral roles in normalizing calcium metabolism while antagonizing the 
pro-oxidant effects of calcium in the intracellular space. All disease is both 
directly caused by, as well as directly related to, increased intracellular 
oxidative stress secondary to increased intracellular calcium. No supplement 
regimen should fail to include these “top 4” supplements. 


Vitamin C 


Already discussed with regard to dosing and administration, vitamin C 
has been shown to decrease all-cause mortality. The higher the blood levels, 


the lower the mortality. 1” 


Magnesium 

Higher magnesium intake and higher plasma levels have been correlated 
with lower all-cause mortality.° In general, regular oral forms of magnesium 
cannot be overdosed before diarrhea is induced. A prominent exception to 
this is the extended retention of magnesium cathartics in the gut with 
chronically constipated older individuals. Enough magnesium can be 
absorbed to result in severe toxicity under these circumstances when the 
bowels do not promptly evacuate after its administration. Many different 


forms are available and can be chosen based on pocketbook and preference. 
Transdermal application is an additional option. The liposome-encapsulated 
magnesium is another oral form that can also be overdone due to its advanced 
bioavailability with deep intracellular access. Too much of this form can 
result in lowered blood pressures to the point of feeling sleepy and tired. 


Vitamin D 


A deficiency in vitamin D also increases all-cause mortality, and 
individuals with higher vitamin D levels clearly live longer than those with 
the lowest vitamin D levels.”!° When evaluating optimal vitamin D levels by 
looking at reduction in fracture risk, it would appear that maintaining a blood 
level above 50 ng/cc would be optimal.! Defining a maximal level is less 
clear-cut, although vitamin D can definitely be overdone to the point of 
toxicity. As a rough guide, it would probably be best to maintain a vitamin D 
level between 50 and 80 ng/cc. Many individuals will get into this range with 
about 5,000 units of vitamin D3 daily, but long-term supplementation should 
be supported by blood testing verifying that circulating levels are in this 
range. 


Vitamin K 


The intake of vitamin K, especially vitamin K2 (menaquinone), also 
appears to reduce all-cause mortality.'”!° While supplements with less than 
one milligram of K2 are common, it is probably best to take more than this 
amount daily, although benefits are still seen with daily doses of K2 less than 
one milligram. 


Highly Important Supplements 


These 4 additional supplements (along with the top 4) are relatively 
inexpensive, and an argument could be made for considering them to be 
essential as well. 


Omega-3 fatty acids 
Vitamin E 

B vitamins 

Iodine 


ONAN 


Omega-3 Fatty Acids 


Essential fatty acids of the omega-3 form also have calcium channel 
blocking properties, further elevating the importance of this supplement. 
Omega-3 fatty acid supplementation has also been shown to be associated 
with decreased all-cause mortality, which is likely largely secondary to its 
calcium antagonist effects. It has also been shown that individuals with the 
highest blood levels of these fatty acids have a decreased all-cause mortality 
relative to those with the lowest levels.!™?! While fish oil is a common 
source of these fatty acids, any supplements with EPA (eicosapentaenoic 
acid) and DHA (docosahexaenoic acid) can be taken. However, the 
supplement with the highest concentrations of EPA and DHA is a quality fish 
oil supplement, and is the least costly way to go. 


Vitamin E 


There are eight substances in nature known to have “vitamin E” activity. 
These are alpha-, beta-, gamma-, and delta-tocopherol, along with alpha-, 
beta-, gamma-, and delta-tocotrienols.** All of the different forms of vitamin 
E are fat-soluble, and their antioxidant function is especially important in 
protecting the fatty cell membranes from oxidation.*? There are many 
variations of vitamin E supplements. In general, taking as broad a spectrum 
of the eight forms mentioned above will offer the most benefit. Also, unlike 
the more rapidly excreted water-soluble vitamins and nutrients, vitamin E can 
be overdosed, and it is advisable to follow the directions supplied on the 
supplement bottle. 


B Vitamins 


The B vitamins are water-soluble, and they all play important roles in 
cellular metabolism. They are all also quite chemically distinct, in spite of 
being grouped together. 


Most of the time, the B vitamins are supplemented in the form of a 
vitamin B complex, combining the eight different known B vitamins. They 
are: 


YB, -— thiamine (also thiamin): helps to generate cellular energy, 
promote fatty acid synthesis, and support normal membrane and 


nerve conduction 

V B,- riboflavin: important for energy-transfer reactions in the 
cell 

YB; -niacin (also nicotinic acid): important in the function of 
many enzymes, the synthesis of hormones, and the function of 
the brain and nervous system 

V Bs,- pantothenic acid: a precursor for the synthesis of 
coenzyme A; very important in energy generation 

V Bg- pyridoxine (also pyridoxal or pyridoxamine): important in 

amino acid metabolism 

B; — biotin—important in energy metabolism 

Bo — folate (also folic acid): important in DNA synthesis 


NNN 


B> — cobalamin (different forms: hydroxo-, methyl-, cyano-): 


important for blood synthesis and the maintenance of proper 
nerve function 


A relatively large number of compounds have been labeled as B vitamins 
in the past, but ended up losing this designation, as they were shown not to be 
essential to humans. Many of them can still be considered good supplements, 
but they no longer qualify as being members of the B vitamin family. 


Iodine 


Iodine is essential for the normal functioning of the thyroid gland, and 
normal thyroid function is absolutely vital not only to general good health, 
but also for preventing body-wide elevations of oxidative stress. It also plays 
an important role in preventing the spread of both focal infections and 
localized cancers to other places in the body. While very many, possibly 
most, adults who do not supplement iodine are deficient in it, 
supplementation with iodine is best done with the help of your doctor or 
chosen healthcare provider. Iodized salt has helped decrease the presence of 
iodine deficiency statistically, but the amount of iodine delivered in this 
fashion falls short of what very many people need. 


Important Supplements 


9. Lysine 


10. Vitamin A 

11. Alpha lipoic acid 

12. Acetyl L-carnitine 

13. Zinc 

14. Carnosine 

15. Coenzyme Q10 

16. Methylsulfonylmethane (MSM) 
17. Pantethine (vitamin Bs source) 


18. N-acetylcysteine and glutathione 

19. Chondroitin and glucosamine 

20. Amino acids, especially essential 

21. Resveratrol 

22. Olive leaf extract 

23. Curcumin 

24. Multivitamin, multimineral formulations, WITHOUT copper 
and iron, and very minimal to no calcium 

25. Lutein, zeaxanthin, and astaxanthin (eye antioxidant support) 


Lysine 


Lysine is an amino acid that has been shown to be especially effective in 
helping to prevent the evolution of atherosclerosis, as well as to probably 
even reverse it. This has been to shown to be true especially when combined 
with vitamin C and other nutrients.7*-7° 


Vitamin A 


Vitamin A is a fat-soluble vitamin that is essential for good vision and a 
strong immune system. It is also an antioxidant. It is probably best 
supplemented as beta-carotene, which converts to vitamin A and minimizes 
the chances of taking too much vitamin A. Due to its fat-soluble nature, it can 
accumulate to undesirable levels since it is not rapidly excreted as with water- 
soluble supplements. 


Alpha Lipoic Acid (ALA) 


ALA is an organosulfur compound that has both water-soluble and fat- 
soluble characteristics. It is essential for aerobic metabolism, serving as a 
cofactor for at least five enzyme systems, two in the ATP-generating Krebs 


cycle. It is a strong antioxidant, which accounts for most of its positive 
biological effects. It also serves to regenerate active, reduced vitamin C, 
vitamin E, and glutathione after they donate electrons and are in an oxidized 
state. ALA can also increase insulin sensitivity and possibly have a 
hypoglycemic effect in some individuals. 


Acetyl L-Carnitine 


Acetyl L-carnitine is another supplement that helps the body to produce 
energy. It is often taken by individuals hoping to improve memory, as with 
Alzheimer’s disease and other dementias, and also to lessen easy 
fatiguability. 


Zinc 


Zinc is an important mineral for optimizing immune function, recovery 
from infection, and healing in general. Accumulation can occur over time and 
result in varying degrees of toxicity. Generally, staying below 40 mg daily 
will prevent this from occurring. However, there is nothing wrong with just 
adding zinc to a supplementation regimen when facing the need to overcome 
an infection or improve healing after an injury. 


Carnosine 


Camosine is a dipeptide made up of two amino acids, alanine and 
histidine, linked together. It is highly concentrated in the brain and in muscle 
tissue. It is known to be a powerful antioxidant, and there is evidence that it 
can slow the processes that worsen both Alzheimer’s disease and the body- 
wide impact of uncontrolled blood sugar levels. 


Coenzyme Q10 (CoQ10 


Present in every cell of the body, CoQ10 plays an important role in the 
synthesis of ATP inside the mitochondria. Consistent with this role, the 
highest concentrations of CoQ10 are found in the organs that consume the 
most energy, such as the heart, kidneys, lungs, and liver. There is some 
evidence that supplementation with CoQ10 is useful for heart failure, fertility, 
healthy skin, headaches, exercise endurance, diabetes, and brain function. 


Methylsulfonylmethane (MSM) 


As a sulfur-containing agent, MSM supplementation provides a source of 
added sulfur to the body. It has anti-inflammatory properties and helps to 
boost glutathione levels. It can decrease joint pain and promote a quicker 
recovery of muscle damage (soreness) after exercise. It also offers strong 
support to the immune system. 


Pantethine (Vitamin B; Source 


Pantethine is noted here separately since the most common supplemental 
form of pantothenic acid is calcium pantothenate. Whenever possible, added 
sources of calcium should be avoided. Panthethine is actually two derivative 
molecules of pantothenic acid hooked together by a sulfur bond, with no 
calcium involved. It is also a better biologically available form of pantothenic 
acid. Pantethine is the substrate needed to synthesize coenzyme A. Coenzyme 
A is needed to initiate the sequence of chemical reactions needed to generate 
ATP in the Krebs cycle. It is also a pivotal nutrient in at least 70 metabolic 
pathways. While available in the diet, most people generate energy much 
more readily with its supplementation. Its deficiency in the body results in an 
array of wide-ranging effects. 


N-Acetylcysteine and Glutathione 


As the most important and highly concentrated intracellular antioxidant, it 
is always a good goal to support intracellular glutathione levels as much as 
possible. 

While benefits do result from taking unaltered glutathione as a 
supplement, it is a highly inefficiency way to take this tripeptide antioxidant. 
Even when it is administered in an intravenous infusion, glutathione is 
quickly broken down into its three constituent amino acids in the blood, and 
each amino acid requires energy consumption to get inside the cell, and once 
in the cell, two more steps consuming energy are needed to reconstitute 
active, reduced glutathione inside the cell. As amazing as it may seem, the 
best way to boost glutathione levels inside the cell, without utilizing energy 
in the process (5 steps of consumption when given intravenously), is to take 
orally a quality liposome-encapsulated form of glutathione. 

N-acetylcysteine is an inexpensive supplement that supports intracellular 
glutathione levels in a much more economic fashion than either taking it by 
vein or by an oral liposome-encapsulated supplement. 


Chondroitin and Glucosamine 


Many people, regardless of whatever else might be bothering them, suffer 
from degenerative joint disease, with chronic joint (arthritic) pain. Although 
they can be taken apart from one another, chondroitin and glucosamine make 
a good supplement combination for helping to alleviate osteoarthritis pain, 
while providing elements needed to keep joints fluid and to help them repair, 
at least to a limited degree. 


Amino Acids, Especially Essential 


Amino acids are literally the building blocks that link together and make 
up all proteins. Proteins and peptides perform countless important functions 
throughout the body, in both the intracellular and extracellular spaces. If 
economically feasible, a quality broad-spectrum amino acid supplement is a 
good idea, although a supplement limited to the amino acids that the body 
cannot synthesize (essential amino acids) is good as well. 


Resveratrol 


Resveratrol is a nutrient polyphenol, present in many different plants, 
fruits, and vegetables. Along with other naturally-occurring polyphenols, it 
actually serves to protect its host against pathogens, parasites, and predators. 
Especially significant sources of resveratrol are red wine, red grapes, 
blueberries, bilberries, cranberries, and peanuts. It has a wide spectrum of 
positive health benefits, exerting antidiabetic, anti-inflammatory, and 


antioxidant effects throughout the body.” 


Olive Leaf Extract 


Olive leaf extract has been demonstrated in very many studies to have a 
wide array of important health benefits including, but not limited to, 
improved blood pressure control, better cardiovascular health, better 
regulation of blood sugar, improved brain function, strengthened immune 
function, and even some protection against cancer. A nutrient polyphenol in 
olive leaf extract appears to help the body support/produce endogenous 
vitamin C from the liver.*® Such an effect could single-handedly account for 
all of the known positive effects of olive leaf extract supplementation. 
However, this product also has many other compounds that positively impact 


good health and health maintenance. 


Curcumin 


Curcumin is the most important active ingredient in turmeric, a plant root 
which provides the spice that gives curry its yellow color and has been 
ingested in India for thousands of years as both a spice and a medicinal herb. 
As a fat-soluble agent that is not especially well-absorbed into the blood, 
curcumin is probably better assimilated if taken with a fatty meal. 

Curcumin is a strong antioxidant and has powerful anti-inflammatory 
effects. As such, it is also promoted as having anti-aging, pain-reducing, and 
detoxifying properties. 


Multivitamin, Multimineral Formulations — 
WITHOUT copper and iron, and very minimal to no calcium 





This is only being recommended since it is an economical way to get a 
wide variety of supplements that positively impact health. Few formulations 
are optimal, as less costly (and less desirable) forms of the different 
compounds are often included in these products. Nevertheless, as long as no 
iron or copper is in the supplement, and little to no calcium is contained in it 
as well, the various different formulations are certainly better than no 
supplementation at all. However, iron, copper, and calcium can largely negate 
the otherwise positive impact of such supplements. 


Lutein, Zeaxanthin, and Astaxanthin — 
(eye antioxidant support) 





These three agents are classified as carotenoids, making them akin to 
beta-carotene, which metabolizes to vitamin A. Zeaxanthin is concentrated in 
the center of the retina of the eye (macula), and in concert with lutein, it 
affords protection against the oxidative damage that can be inflicted by 
certain wavelengths of light. One study showed that a high dietary intake of 
zeaxanthin and lutein appeared to result in a significantly decreased risk of 
cataracts.*? Another study reached the same result related to the ingestion of 
these two agents along with vitamin E.°° Astaxanthin is another powerful 
antioxidant that would be expected to augment the protection of the eye 
against oxidative damage. 


Summary 


An optimal supplementation regimen for one individual may bear little 
resemblance to an optimal supplementation regimen for another individual. 
Economics, gastrointestinal tolerance, the presence of certain prominent 
symptoms, the presence of one or more diseases unique to an individual, and 
the unique reaction (positive or negative) that any one individual has to a 
given combination of supplements are all important factors in determining 
what serves that individual best. 

It is always important to remember that the “bottom line” for any 
supplementation and overall treatment protocol is to alleviate as much 
intracellular oxidative stress as possible, while aiming to avoid as many new 
oxidative challenges as possible. Nutrient supplement intake is only really 
half of the equation. As important, or more important, is the identification 
and elimination/attenuation of new daily toxin exposures in order that cellular 
damage can be prevented as well as healed. No treatment protocol is 
complete unless PREVENTION of new oxidative damage gets as much 
attention as REPAIR of old oxidative damage. 


Magnesium 
Supplementation 


An Essential Guide 


Forms and Applications 


There are many different forms and routes of magnesium 
supplementation. Depending on the needs of the patient, along with 
considerations of expense and convenience, any of a number of different 
forms of magnesium can be taken by an individual. Magnesium has many 
different chemical forms, and it has been administered intravenously, 
intramuscularly, orally, transdermally, via enema, and via inhalation by 
nebulization. Also, while magnesium in all of its forms and all of its 
applications remains greatly underutilized today, it must nevertheless be 
acknowledged that progress, however slow, is being made in seeing its use 
become more common and widespread. A study looking at the use of 
intravenous magnesium in the hospitalized setting (a Canadian tertiary care 
center) between 2003 and 2013 was conducted. A 2.86 fold (almost 300%) 
increase in the use of infused magnesium in patients was seen during this 
period. Note was also made by the authors that the increase “cannot be 
explained for by medical indications.” Some areas (wards) of the hospital 
actually saw a 1000% increase.' At the very least, it would appear that the 
awareness of the benefits of magnesium for many different indications is on 
the rise. 


Oral Forms 


Traditional Oral Forms 


There are a large number of different magnesium supplements that can be 
taken orally. While they all can deliver beneficial amounts of magnesium 
depending on the doses taken, the efficiency of absorption, the unique 
contributions of the associated anion that is hooked to the magnesium 
(cation), and the degree of side effects, like loosened stools or diarrhea, can 
vary widely. Because of all these factors, the costs of different magnesium 
supplements can also vary widely. The most common forms are inexpensive, 
as supplements go in general. These common oral forms include the 


following: 


1. 


2. 


3. 


Magnesium Citrate 


This is an especially common and inexpensive form of 
magnesium. It is often used in large doses to deliberately 
induce a cleansing, watery diarrhea in order to prepare an 


individual for a major surgery or colonoscopy.” 


Magnesium Sulfate 
This form of magnesium is also known as Epsom salt. While it 


can be taken orally, it readily results in a diarrhea or loosening 
of the stools as is seen with magnesium citrate. Although not 
the optimal form for oral supplementation, magnesium sulfate 
is the most common form of magnesium given intravenously 
for many different medical conditions.*° Taking Epsom salt 
baths appears to offer much of the known benefits of 
magnesium administration, as significant amounts of 
magnesium can be assimilated transdermally from this 
practice. 


Magnesium Taurate 
This is a very bioavailable form of magnesium that is 


complexed with taurine, an important sulfur-containing amino 
acid.’ Taurine is known to have antioxidant and anti- 
inflammatory properties. It is the most plentiful amino acid in 
the body, and it plays an important role in supporting normal 


4. 


5. 


6. 


physiology, especially beneficial in supporting good cardiac, 
brain, and eye health. Relative to other forms of magnesium, it 
does not readily result in diarrhea at lower doses. 


Magnesium Gluconate 
The gluconate form of magnesium is an organic salt that is 


noteworthy for having a high degree of absorption. In a study 
on magnesium-depleted rats, this form of magnesium was 
absorbed and retained better than 9 other forms of magnesium 
that were studied (oxide, chloride, sulfate, carbonate, acetate, 
pidolate, citrate, lactate, and aspartate).® Sodium gluconate is 
also known for its ability to chelate heavy metals, including 
calcium, iron, copper, and aluminum. This likely provides a 
substantial additional benefit for taking the gluconate form of 
magnesium. 


Magnesium Chloride 

This form of magnesium has been shown to have impressive 
anti-viral properties,™!° and it would appear to be an 
especially good form of magnesium to take whenever any 
symptoms of an acute infectious disease appear, viral or 
otherwise (see Chapter 11). It should be part of any infection 
or infectious disease protocol, and it should prove to have at 
least additive and probably synergistic effects with other anti- 
pathogen agents, including vitamin C, ozone, and even 
antibiotics. It is very inexpensive, and it is absorbed very well 
relative to the other oral forms of magnesium. And while any 
form of magnesium should be expected to be a good adjunct 
therapy to add to a treatment protocol for infection, it appears 
that the chloride anion is also an important factor in the ability 


of magnesium chloride to deal with infection.!! 


Magnesium Glycinate 


This form of magnesium is bound to an amino acid, glycine. 
This magnesium supplement is more bioavailable and 

absorbable than many of the other forms of oral magnesium, 
and less likely to cause the diarrhea effect. While not one of 


the essential amino acids that must be supplied by diet or 
supplementation, glycine is one of the three amino acids 
needed for the body to synthesize glutathione, an antioxidant 
especially critical for maintaining a normal intracellular level 
of oxidative stress. Glycine is also essential for the synthesis 
of creatine and collagen in the body. Additional sources of 
glycine in supplementation and the diet are always good 
practices. 


7. Magnesium Oxide 


This form of magnesium is especially inexpensive, and it is 
probably the most common form of magnesium 
supplementation sold in pharmacies and supplement stores. 
While it has one of the poorest absorption rates, the literature 
has nevertheless documented many clear-cut benefits from its 
administration, often in doses of 500 mg daily. 


8. Magnesium Aspartate and Magnesium Glutamate 
While aspartate and glutamate are not toxic per se, they are 


probably both best avoided for relatively high dosing on a 
regular basis, especially in light of the many other forms of 
magnesium with clearly beneficial anions that can be 
supplemented. 


9. Magnesium Carbonate 
This form of magnesium effectively becomes magnesium 


chloride after mixing with the acid in the stomach (and also 
forming carbon dioxide and water). Additionally, it has 
significant antacid properties. 


Y Magnesium Threonate 
This is a form of magnesium that was developed to better 


cross the blood-brain barrier and positively impact brain 
function and neurological conditions. 1 


Liposome-Encapsulated Oral Form 


Vitamins, minerals, and other nutrient agents are becoming increasingly 
available in oral liposome-encapsulated forms. When the liposome 
formulation is a quality product, the encapsulated agents generally get inside 
the cells more readily than when those agents are given intravenously, and 
typically without the consumption of energy, amazingly enough. This 
certainly appears to be particularly true for liposome-encapsulated vitamin C. 
It must be pointed out, however, that there is a great deal of fraud among 
supplements that are now labeled as being encapsulated in liposomes. The 
Suggested Resources section of this book recommends sources for liposome 
products and some other selected supplements. More detailed information on 
this liposome form of supplementation is available elsewhere. 1° 

Liposome-encapsulated magnesium (as threonate) has only recently 
become available (early 2019), and undoubtedly many other companies will 
start selling fraudulent “liposome-encapsulated” versions of this product as 
they have with vitamin C and other nutrients. Currently, LivOn Laboratories 
is the only company producing this form of magnesium encapsulated in 
liposomes. Early anecdotal feedback is indicating that a quality liposome- 
encapsulated form of magnesium appears to have a high degree of 
intracellular bioavailability, capable of getting significant amounts of 
magnesium into the cytoplasm without the consumption of energy, as would 
be seen when utilizing active transport mechanisms into the cell. 

Many agents not liposome-encapsulated yet given intravenously still need 
to consume energy via active transport to end up inside the cells. While the 
mechanisms for magnesium cellular uptake remain to be fully elucidated, the 
normally extremely high intracellular magnesium concentrations relative to 
extracellular concentrations logically demands that an energy-consuming 
active transport process must be involved to further concentrate magnesium 
inside cells.1417 

The capability of this orally-administered liposome product to deliver 
magnesium into the cells appears to be so effective that taking too much of 
this product seems to have the ability to induce some of the early signs of 
magnesium excess, as discussed below. It also appears that the absorption 
initially into the blood is nearly 100%, without resulting in any of the loose 
stools or diarrhea characteristic of the incomplete absorption of other oral 
magnesium preparations. One of the best ways to track magnesium status 
clinically is by following blood pressures. When blood pressures begin to be 
consistently lowered significantly by liposome-encapsulated magnesium (or 


any other form of magnesium), greater care must then be exerted with regard 
to long-term dosing and frequency of supplementation. However, even 
though monitoring must be more vigilant, a lowering of blood pressure is a 
very clear indication that body-wide magnesium stores are being normalized, 
which is the ultimate goal of any magnesium supplementation regimen. It is 
also a goal that is not routinely achieved with other forms of oral magnesium 
supplementation, regardless of the dosing schedule. 


Intravenous and Intramuscular Magnesium 
Intravenous 


The intravenous administration of magnesium is the most common form 
given in the hospital and clinic setting. While the circumstances of 
magnesium toxicity are discussed further below, it needs to be emphasized 
that intravenous magnesium is a safe way to administer magnesium, and it 
has a wide margin of safety. However, unlike many other nutrient 
supplements, magnesium can be overdone and cannot be given with the 
abandon of something like the virtually nontoxic vitamin C. A partial listing 
of the many situations in which intravenous magnesium has been safely 
given, including in many subsets of very critically ill patients, include the 
following: 


YA large number of different drug intoxications and overdoses 
(see Chapter 10) 


Following cardiothoracic surgery!® 
Pain management in routine post-cesarean delivery care 


Treatment of migraine?! 

Treatment of children with acute asthma in the emergency 
room?? 

Pain reduction after abdominal hysterectomy?’ 

Treatment of reversible cerebral vasoconstriction syndrome: 
case series~* 


Treatment of sickle cell crises in children? 
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In prevention of contrast-induced nephropathy?’ 
Treatment of pregnant women for fetal/neonatal 


SSS 


neuroprotection~’ 


Treatment of exacerbations of chronic obstructive pulmonary 
disease*®-9 


Acute treatment of headaches in pediatric patients? 
Treatment of laryngospasm in children post- 


adenotonsillectomy*! 

As an adjuvant to morphine for postoperative analgesia 
Treatment of aneurysmal subarachnoid hemorrhage** 
Treatment of eclampsia*”*© 
Treatment of stroke?” 
Treatment of severe tetanus 
Treatment of fetal arrhythmia” 
Treatment of neuropathic paint? 
Treatment of severe mania! 
Treatment of neonates**-*? 


Treatment of AIDS patients** 
Infants of mothers given long-term magnesium sulfate during 


pregnancy”? 
Treatment of cluster headaches*® 


Treatment of hydrofluoric acid burns* 
Preanesthetic administration for better hemodynamic 


stabilization®® 

Treatment of suspected acute myocardial infarction*? 
Treatment of supraventricular arrhythmias? 
Treatment of diastolic dysfunction! 

Treatment for acute respiratory failure (from asthma 
Treatment of preeclampsia”? 

Treatment of acute digitalis poisoning” 


S 


SS 


32,33 


38 


VNNNNNNNN NN 


7i 


SSNS 


Pr 


® SNS NUN 


It would also appear that a substantial amount of intravenous magnesium 
is ultimately retained inside the cells of the body. Studies on patients with 
acute myocardial infarction or suspected acute myocardial infarction who 
received high doses of magnesium sulfate intravenously demonstrated a 
profoundly positive longevity effect after the one-time hospital dosing. The 


patients in one study received 22 grams of magnesium over 48 hours. All- 
cause mortality was significantly decreased over as long as 5 years post- 
infusion.°°~°” 

Because of these well-established effects of intravenous magnesium on 
longevity, along with the established benefits of optimized magnesium 
concentrations in all the cells of the body, anyone receiving an IV for any 
reason should not miss the opportunity to have magnesium added to the 
solution. The only reasons to avoid adding magnesium would be the rare 
situations of preexisting magnesium toxicity or advanced kidney disease, or 
when it is desired to give an IV or an infusion extremely rapidly (say, over 15 
to 30 minutes) as might be desired at times when giving vitamin C 
intravenously rapidly to induce an endogenous release of insulin. 


Intramuscular 


Intramuscular magnesium is another effective way to deliver magnesium. 
In one study, intramuscular magnesium sulfate has proven to be equally 
effective for the control and prevention of seizures in eclampsia patients 
compared to an IV regimen.*® Another study reached a similar conclusion 
with preeclampsia patients given either intramuscular or intravenous 
magnesium.°? It also appears that the intramuscular administration of 
magnesium disseminates throughout the body well, as eclampsia patients 
given IM injections showed good uptake of magnesium into the brain. 


Other Routes of Administration 


Transdermal 


Transdermal delivery of an agent simply means a form of administration 
that goes into and ultimately through the skin. Depending on the nature of the 
components being used in the transdermal application or delivery system 
(e.g., patch), substantial amounts of the agent being dosed can enter the 
systemic circulation and treat conditions remote from the application site.°)° 
Transdermal preparations of various agents are also used to treat skin 
conditions and wounds more effectively by improved delivery of those 
agents. °%.54 

Magnesium can be reliably introduced into the body via transdermal 


delivery. However, the degree to which that delivery delivers magnesium and 
the consistency with which it is delivered from one application to the next 
remains in doubt.® One study showed that the application of magnesium 


cream resulted in a rise in both serum and urinary magnesium markers.°° 
Another study found that the application of a magnesium chloride solution on 
the limbs appeared to alleviate symptoms of fibromyalgia.°” 

Transdermal magnesium avoids the gastrointestinal side effects seen with 
regular oral forms of magnesium supplementation. This form of magnesium 
is a good adjunct in helping to support the magnesium levels resulting from 
its other more common forms of administration. Its regular use is also one 
good way to support good skin health. The typical forms of magnesium for 
transdermal use are as an oil, a gel, a lotion, or as bath salts. Magnesium oil is 
a concentrated solution of magnesium chloride and water. A gel or lotion is 
less concentrated and mixed with any of a number of different agents 
commonly used for skin or cosmetic applications. The bath salts are generally 
magnesium chloride flakes or granular magnesium sulfate (Epsom salt). 

An additional “form” of transdermal magnesium application comes in the 
form of a magnesium-containing enema. The mucosal lining throughout the 
gastrointestinal tract is very effective in absorbing just about any agent with 
which it comes in contact for a long enough period of time. Applications of 
magnesium via enema are especially useful when oral intake is impaired or 
limited, and when intravenous infusions are not readily available or 
economically feasible. However, the amount of rectal absorption of 
magnesium can be difficult to predict and toxicity can occur even in the face 
of normal renal function. 


Nebulization 


Nebulization is the process that effectively converts a medicament from a 
liquid form into a fine mist that can be readily inhaled into the upper 
respiratory tract and the lungs.°? The administration of a drug or nutrient 
agent via such a route of inhalation has an extensive history, actually dating 
back more than 3,500 years ago to ancient Egypt.® Except for the direct 
treatment of pulmonary and upper airway conditions, the delivery of 
therapeutic agents via inhalation remains greatly underutilized, in spite of its 
ease of usage and lack of expense. To be fair, many clinicians simply rarely 
think in terms of inhalation as an effective means of systemic deliverance of a 


drug or nutrient. However, while it can sometimes be effective as a primary 
means of drug administration, it is virtually always of value in the adjunctive 
administration of a therapeutic agent. Nebulization offers multiple benefits, 
including the following: 


Y Moistens the inhaled air, helping to thin secretions and mucus 
and allowing them to be mobilized and expelled 

Y_Lessens the need to cough as more secretions and mucus end 
up getting eliminated 

Y Allows the direct inhalation of bronchodilating therapeutic 
agents 

Y Allows the direct inhalation of agents that can combat 
pathogens colonizing and/or grossly infecting the upper 
respiratory tract and lungs 

Y Permits the use of lower amounts of therapeutic agents that 
would be more prone to toxicity when given systemically in 
much higher doses, either orally or intravenously 

Y Permits some systemic assimilation of the nebulized agent 
throughout the body 


Magnesium has been administered via nebulization for infections, a 
number of pulmonary conditions, and as an adjunctive agent in lessening the 
bronchospasm of an asthmatic attack.”?”? One study showed that the 
preoperative administration of nebulized magnesium sulfate significantly 
reduced the incidence of postoperative sore throat following tracheal 
intubation and the administration of general anesthesia.’° 

While there is some question of the benefits of inhaled magnesium in 
adults with stable asthma, it appears to be especially effective in alleviating 
bronchospasm in asthmatic children, even when compared to intravenous 
magnesium.’*7’ Also, while there is still a relative scarcity of studies on 
nebulizing medicines in general, and on nebulizing magnesium more 
specifically, many unlabeled uses of nebulized medicaments are now 
emerging, including antibiotics, antifungals, and narcotics such as opioids.”® 
Nebulized magnesium can be used as a primary or an adjunctive therapy for 
pneumona, lung cancer, pulmonary and systemic intoxications, and to a 
limited degree for just about any condition for which magnesium is given 
orally or intravenously. 


Magnesium, along with many other nutrients and anti-pathogen agents, 
can also be administered via nebulization for acute upper respiratory tract 
infections, lung infections, and sinus infections. Furthermore, many people 
who do not have an acute flu, cold, or other respiratory tract infection have 
chronic pathogen colonization. Such pathogens, while not having the 
negative clinical impact of an advanced case of influenza, for example, are 
capable of a substantial chronic negative health impact that could 
significantly limit the degree of positive response that could otherwise be 
achieved in the optimal treatment of many medical conditions. Pathogens 
always produce prooxidant metabolic byproducts (toxins), and when growing 
in the upper airway, they are chronically swallowed “24/7.” It is probable that 
this constant state of pathogen colonization is a strong contributor to most of 
the chronic gastrointestinal disorders, including ulcer disease, leaky gut 
syndrome, and even gastrointestinal malignancy. States of chronic pathogen 
colonization often have biofilms (an extracellular envelope of proteins, lipids, 
and polysaccharides) lessening or blocking the access of traditional anti- 
pathogen agents to the pathogens.”” A number of different agents that can be 
nebulized appear to be able to break through such biofilms (e.g., hydrogen 
peroxide or DMSO).°®2.8! 

While no studies were found addressing the issue of chronic pathogen 
colonization and its consequences, it would make good sense to always help 
resolve any acute respiratory syndrome with nebulized magnesium chloride 
(probably the best form of magnesium for nebulization for anti-pathogen 
effects — see Chapter 11) and any of a number of other nebulized anti- 
pathogen agents. Any persistent post-infection symptoms (residual cough, 
yellow and/or green sputum production, however minimal) would likely 
benefit significantly from such a protocol of nebulization. 

It would probably be a good practice to periodically nebulize magnesium 
and/or other agents to re-establish and/or maintain a more normal throat and 
respiratory tract flora as well. Other anti-pathogen agents that can be 
nebulized include hydrogen peroxide, N-acetyl cysteine, sodium bicarbonate, 
DMSO, nascent iodine, colloidal silver, and vitamin C as sodium ascorbate. 
Dosing and administration protocols should be worked out with a physician 
or other chosen health care provider. Generally, any nebulization should be 
comfortable and any odor should not be overly pungent or off-putting. 
However, it should be discontinued if any coughing or even minimal 
compromise of breathing results. Often, when not well-tolerated, it can be 


continued subsequent to greater dilution of the nebulized agents. Most agents 
can be nebulized together, although hydrogen peroxide is best nebulized by 
itself. 


Magnesium Toxicity 


Traditionally, there has only been concern with magnesium toxicity when 
giving magnesium intravenously, or when giving enough of any form of 
magnesium to an individual with diminished kidney function. Oral 
magnesium has been typically been felt to be a “protected” form of 
magnesium intake, resulting in abdominal cramping and/or a diarrhea 
response before enough magnesium can be absorbed to ever approach 
systemic magnesium toxicity. And for patients with normal kidney function 
who take any of the traditional forms of oral magnesium supplementation, 
this is a good working rule of thumb. 

Constipated elderly individuals comprise a subset of patients especially 
susceptible to significant magnesium toxicity, even from oral sources. Such 
patients, often but not necessarily in the setting of a nursing home, can 
receive sizeable amounts of magnesium-based cathartics (such as magnesium 
citrate) as a therapy for their constipation. When a large enough amount of 
magnesium, even a relatively poorly-absorbed form, is taken orally and 
remains in the gut for a long enough time, toxic amounts of magnesium can 
eventually be assimilated. This is especially true if any compromise of kidney 
function is present as well. Furthermore, this magnesium toxicity can even be 
fatal if bowel function does not sufficiently respond quickly enough.82-84 
Severe hypermagnesemia with clinical magnesium toxicity from repeated 
administration of magnesium citrate as a cathartic in overdose patients has 
also been reported.°®° A 14-year-old girl who received magnesium 
hydroxide for a week for constipation eventually presented with hypotension 
and lethargy, but survived.®’ In a patient with megacolon, a condition in 
which the colon is dilated and the contractile nature of the bowel is severely 
diminished or even paralyzed, an enema with magnesium sulfate resulted in 
fatal magnesium poisoning.®® 

Intravenous magnesium can be administered very safely, but attention 
must be paid to dose, rate of administration, and the condition of the patient 
being treated. Toxicity, to the point of being fatal, will reliably occur if too 


much is given too rapidly, especially in the setting of a severely ill patient, as 
in an acute drug overdose, or in the setting of significantly decreased kidney 
function. Magnesium overdoses have often been noted to be due to erroneous 
overdosing.®° Early clinical signs of magnesium toxicity when giving 
intravenous magnesium include nausea and vomiting, feeling warm and 
flushed, slowed heart rate and/or new cardiac arrhythmias, sleepiness, double 
vision, slurred speech, and weakness. Of note, visual disturbances during 
intravenous magnesium administration are common, including blurred and 
double vision. These findings were not necessarily associated with any other 
symptoms and the visual changes resolved upon discontinuation of the 
magnesium infusion.” 

Generally, many of these symptoms of early magnesium excess appear 
after the blood pressure drops, either to levels low for the patient’s history, or 
to levels of frank hypotension, due to excessive calcium channel blocking 
effect on the arteries and excessive vasodilation. A similar profile of signs 
and symptoms is seen with a prescription calcium channel blocker overdose. 
At the highest of plasma magnesium levels muscular paralysis, with 
respiratory or cardiac arrest, can occur. Because of their mutual antagonism, 
calcium administration serves as an acute and effective antidote for advanced 
magnesium toxicity or overdose.” 

However, it is also important to realize that the lowering of blood 
pressure in some clinical settings is the desired outcome of intravenous 
magnesium administration. In some types of surgery intraoperative blood loss 
can be substantial and often requires blood transfusion. An infusion of 
magnesium while such surgery is performed is an accepted approach for 
maintaining lowered blood pressure in what is known as “controlled” or 
“deliberate” hypotension. Not surprisingly, such uses of magnesium require 
very careful and continued monitoring, since a state of intentionally-inflicted 
hypotension is getting very close to frank magnesium toxicity with multiple 
undesired side effects. Depending on the surgery and the preferences of the 
operating team, mean arterial blood pressures between 50 and 65 mm Hg are 
maintained, while the normal range is considered to be between 70 and 110 
mm Hg.22-97 


Magnesium Supplementation Guidelines 


As with the dosing of any agent that has great benefits yet potentially 
substantial toxicity, these guidelines can only be considered approximate. A 
perfect dose for one person might be toxic for another, and vice-versa. 
Nevertheless, as stated above, magnesium has a very large safety margin in 
all its forms of administration, but aggressive and reckless regimens, 
especially when there is compromised kidney function, can completely 
nullify this safety cushion, especially in its intravenous application.?° 
Furthermore, as has been pointed out repeatedly throughout this book, very 
many people, likely a substantial majority, are magnesium-deficient, and this 
deficiency still must be addressed, as it has a wide-ranging negative impact 
on the public health. Some degree of supplementation is in order for just 
about everyone, especially older individuals who have magnesium-deficient 
diets, diseases that decrease magnesium stores, and/or medications that 
further lower magnesium levels. It has been estimated that under “typical 
physiological conditions,” a daily intake of 3.6 mg/kg of body weight is 
indicated (elemental magnesium). This ends up being an average daily intake 
(ADI) of 320 to 420 mg/day (13 to 17 mmol/day).°” 

The most common test for assessing the magnesium status in the body is 
the serum total magnesium concentration. However, as discussed before, 
magnesium levels that fall into the established reference range (0.75 to 0.95 
mmol/L, or 1.82 mg/dL to 2.30 mg/dL) can be present when the magnesium 
levels in the tissues of the body are still significantly depleted.!°° A reference 
range level of magnesium indicates a better magnesium status in the body 
than a level that is clearly low, but little more can be definitively concluded 
from it. In other words, a chronically low serum magnesium level clearly 
indicates body-wide depletion, but a reference range, or “normal” serum 
magnesium level is in no way an assurance of normal magnesium levels in 
the cells and tissues. Less than 1% of magnesium in the body is in the blood. 
Greater than 99% is outside the blood, nearly all of which is inside the cells 
of the body, predominantly the bones and the muscles.!°! Clinically speaking, 
then: 


A low serum magnesium is an unequivocal 
indication FOR magnesium supplementation, but a 
normal serum magnesium level by itself is NOT an 

argument against supplementation. 


An elevated serum magnesium can be present even when a body-wide 
deficiency exists. However, such an elevated level does indicate that further 
magnesium should not be given acutely, and the elevated serum magnesium, 
along with the circumstances provoking it, should be resolved prior to 
considering any schedule of supplementation. Other tests, as noted below, 
should be considered to establish whether body-wide magnesium stores are at 
all deficient before proceeding with supplementation after the elevated serum 
magnesium has normalized. 

Key indicators of magnesium status include the serum magnesium levels, 
urinary magnesium excretion, and dietary/supplemental intake. ‘This 
information must then be correlated with the clinical and laboratory status of 
an individual, particularly with regard to the parameters measuring 
cardiovascular (lipid panel), renal, and sugar metabolism (diabetes) status. 1°? 

Other laboratory tests that help in establishing the magnesium status in 
the body include the following: 


1. Red Blood Cell (RBC) Magnesium Level 


RBC magnesium levels give a better idea of the magnesium 
status in the body than serum magnesium levels, but they can 
still be misleading. An RBC has cytoplasm, but it has no 
nucleus and it does not have any mitochondria, which is where 
the vast majority of the body-wide content of magnesium is 
stored. When both the RBC magnesium levels and the serum 
magnesium levels are in the reference (“normal”) ranges, the 
magnesium status in the body is certainly better than if these 
levels were low. However, it is not a guarantee that the body 
magnesium stores are normal, or that magnesium 
supplementation is still not warranted. Generally, normal RBC 
magnesium levels will not be seen when serum magnesium 
levels have been chronically low. Unfortunately, the 
limitations of RBC magnesium levels remain unappreciated by 
many researchers and clinicians who continue to regard the 
RBC magnesium content as being a clear-cut measure of 
intracellular magnesium content in all the other cells of the 


body.!° 


2. 


3. 


Platelet Magnesium Level 


Platelet magnesium levels are primarily available for research 
and not general laboratory testing, like RBC magnesium 
levels. However, they suffer from largely the same 
shortcomings as noted above for the RBC measurements. Like 
an RBC, a platelet lacks mitochondria and a nucleus, along 
with most known intracellular organelles. Platelets are 
essentially fragments of cytoplasm derived from 
megakaryocytes (large bone marrow cells). Platelets probably 
more accurately reflect recent changes in magnesium 
availability compared to RBCs, as their life span is only 8 to 9 
days compared to the RBC life span of 100 to 120 days. 


Mononuclear Cell Magnesium Level 


Mononuclear cell magnesium levels are also primarily for 
research purposes. However, they better reflect body-wide 
magnesium levels than RBCs, platelets, or serum. 104106 
Mononuclear cells are complete cells, with nuclei, subcellular 
organelles, and cytoplasm, and the measured levels directly 
reflect the large stores of magnesium found in the 
mitochondria. However, mononuclear cells are largely 
circulating cells that will assimilate new magnesium intake 
better than a cell that is non-mobile and part of a tissue or 
organ, as with a skeletal muscle cell. Presumably, this would 
make the monocyte less reflective of long-term magnesium 
assimilation than would the skeletal muscle cells. Quite 
literally, the magnesium level measurement sites in the body 
are much like the layers of an onion. The serum is the 
outermost layer, the fragmented cells are the next layer, the 
intact but mobile cells are the next layer, and the “fixed” cells 
in the tissues and organs are the innermost layer. Normal 
tissue cell magnesium levels mean normal magnesium levels 
everywhere, but normal “outer layer” magnesium levels do not 
assure that the innermost layers are yet optimized in 
magnesium content. 


4. Intravenous Magnesium Load Test 


The intravenous magnesium load test is a practical way to 
infer that the body is depleted of magnesium. After taking a 
given intravenous dose of magnesium, a later analysis of the 
urine directly reflects how well your body retained the 
magnesium. The less that magnesium appears in the urine, the 
greater the presumption that there exists a significant need for 
the magnesium, and the greater the degree of overall 
magnesium deficiency is inferred.!°” 


5. Magnesium Content in Muscle Biopsies 
Magnesium content measurements in muscle biopsies are 


quite accurate, and they probably represent the best way to 
clearly assess the normalcy of magnesium content in the 
body.108:109 However, they are invasive, expensive, and 
largely limited to research settings. 


6. Sublingual Epithelial Cell Magnesium Assay 
The sublingual epithelial cell magnesium assay has been 


reported in the literature for many years now, but it is only 
relatively recently being utilized as an optimal way to assess 
the magnesium content in the body. It needs to be emphasized 
that this test measures total cellular magnesium content (not 
just cytoplasmic), which makes it a good reflection of the 
stores of magnesium in the body, as 95% of the magnesium in 
the cell is in the mitochondria. The literature addressing this 
test, although limited, indicates that it is a reliable assessment 
of the body-wide magnesium stores, as it measures both bound 
and unbound magnesium inside the cells tested (sublingual 
epithelial cells from the mouth), and that the magnesium 
content of these cells correlates well with the magnesium 
content in tissues remote from them (atrial tissue and muscle 
biopsies). These cells are readily accessible and easily 
sampled. Currently, the test is available at 


www.exatest.com.!19-112 


Basically, then, the best and probably most economic approach to 
knowing your body-wide magnesium status would be to first measure your 


serum magnesium. If it is low, you are low everywhere else in the body. If it 
is normal or even high-normal, then proceed to the sublingual epithelial assay 
test to see if the normal serum level has completely made its way to the 
magnesium stores in the intact tissue cell, the “innermost” layer of the onion. 
Of course, undergoing magnesium supplementation does not require such 
testing as a guideline. Positive interval changes in blood tests, like the blood 
glucose and the lipid panel, are clear indicators that your body was 
magnesium deficient and is improving with magnesium administration. It 
later becomes a judgment call with your physician whether you are reaching a 
level of magnesium in your body that permits a cutting back or stopping of 
magnesium supplementation. However, the daily excretion of magnesium 
(further aggravated by various medications) along with the chronic depletion 
of magnesium in so many foods and the excessive utilization of magnesium 
in so many chronic diseases makes it enormously unlikely that magnesium 
supplementation would ever need to be completely stopped, especially in the 
presence of normal kidney function. 


Suggested 
Resources 


Biological Dentistry 


http://www. hugginsappliedhealing.com 
http://www.iaomt.org 
http://www.iabdm.org 

http://www. biologicaldent.com 
http://www. biodentist.com 


Integrative/Complementary Medicine 


http://www. riordanclinic.org/ 

http://www.acam.org 
http://acam.site-ym.com/search/custom.asp?id=1758 
http://orthomolecular.org/ 
http://www.a4m.com/directory.html 
http://www.icimed.com/ 
http://www.acimconnect.com/ 

http://www. grossmanwellness.com 


Supplement sources 
http://www. livonlabs.com 
http://www.altrient-europe.com 
http://www.lef.org 


http://www.mcguff.com 
http://www.meritpharm.com 


For further information 


http://www. peakenergy.com 
http://www.medfoxpub.com 
http://www.doctoryourself.com 
http://www. riordanclinic.org 
http://www. vitamincfoundation.org 
http://www.naturalhealth365.com 


These websites are for general reference only, and any information, 
treatments, or products derived from them cannot be guaranteed to be 
beneficial or to be in agreement with the information in this book. 
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elevated intracellular levels causes disease 103 
root of all pathophysiology 39 
factors that exacerbate or maintain 76 
excessive calcium intake 198, 200, 202 
extracellular Ca removal 203 
vascular muscle constriction agents 63 
harms all cells of the body 47 
increases IOS 59 
most evident from deposits in coronary arteries 47 
normalization factors 76 
cortisol 238 
intracellular calcium chelator 203 
magnesium 156, 181 
primary cause of IOS 181 
prompts secretion of cortisol 238 
excessive ingestion epidemic 46 
antacid consumption 199 
dietary 45 
dairy/milk consumption 199 
not limited to supplements 199 
often unintentional 199 
on the rise 198 
promoted as good for health 45 
total is enormous 199 
unchanged in spite of toxicity evidence 200 
intracellular/extracellular level ratio 57 


metabolism 
maintenance 203 
regulated by magnesium 39, 58 
relationship to 
estrogen 214 
inflammation 62, 214 
IOS 201 
mitochondria 203 
thyroid hormone 249 
vitamin C, magnesium, vitamin D, vitamin K 306 
toxicity 45 


Calcium Antagonist(s) 
estrogen 214 
magnesium 39, 64, 85, 98, 107, 137, 150 

anti-poison effect 142 
antitoxin effect 133 
estrogen 218 
magnesium 39 
omega-3 fatty acid 308 
prescription 52 
testosterone 223 
therapeutic use 61 


Calcium Channel Blocker(s) 
as uterine contraction inhibitor 122 
impact on 
all-cause mortality 142 
intracellular calcium 64 
neurological diseases 106 
sex hormones 53 
natural agents that function as 
estrogen 214, 218 
hydrocortisone 237, 239 
magnesium 39, 48, 79, 84, 107, 150 
testosterone functions as 223 
overdose symptoms 123, 241, 336 
prescription 29, 51, 79 
impact on 
all-cause mortality 182 
blood pressure 52 
hormone levels 52 
migraine 79 
Parkinson’s Disease 107 
in conjunction with 
magnesium 53 
benefits subarachnoid hemorrhage patients 110 
lowers intracellular calcium 61 
magnifies antitoxin effect 60 
safety of 123 


Calcium Channel (description) 48 


Calcium/Magnesium Ratio 56, 57 


Calcium Score 47 


Cardiovascular Disease. See Cardiovascular/Heart Diseases: cardiovascular disease 


Cardiovascular/Heart Diseases 65-86 
angina pectoris 65, 77, 78 
arrhythmia 
caused by 
blocked coronary artery 128 
magnesium deficiency 38, 65, 68, 71 
magnesium toxicity 335 
potassium overdose 269 
prolonged QT interval 135 
definition/description 68 
need to control 69 
torsades de pointes 70, 141 
treatment with magnesium 68, 69, 70, 140, 141, 144, 145, 150, 327 
ventricular tachycardia 70 
atherosclerosis 
relationship to 
coronary artery spasm 75 
lysine supplementation 312 
magnesium depletion/deficiency 38, 66, 86 
magnesium intake 65 
oral pathogens 246 
root canal-treated teeth 245 
testosterone levels 219 
thyroid levels 247 
vitamin C depletion/deficiency 177 
cardiovascular disease 
mortality risk 200 
relationship to 
calcium intake 200 
chemotherapy/anticancer drugs 70, 71 
diabetes and hypertension 87 
estrogen levels 214 
magnesium depletion/deficiency 38, 72, 124 
magnesium intake 66, 88 
testosterone levels 220 
congestive heart failure 72-75 
relationship to 
diuretic therapy 74 
magnesium depletion/deficiency 38, 65, 71, 72, 75 
coronary artery disease 
definition/description 66, 79 
mortality risk and risk factors 47 
calcium-magnesium ratio 67 
calcium scores 47 
low estrogen levels in women 216 
low serum magnesium associated with 66 


low thyroid 244 
relationship to 
diabetes and hypertension risk factors 87 
magnesium depletion/deficiency 86 
magnesium intake 66, 86 
oral pathogens 178, 245, 246 
coronary artery spasm 
relationship to 
magnesium depletion/deficiency 76 
magnesium infusion 77 
coronary heart disease mortality risk 
increased for those ingesting most calcium 46 
relationship to 
dental infections/toxins 211, 245 
magnesium intake 44, 89 
metabolic syndrome 66 
testosterone levels 219 
thyroid levels 242 
toxic nutrient supplementation 190, 193 
health improvement factors 316 
heart attack/myocardial infarction 
coronary artery calcium tomography 47 
impact of magnesium infusion 327, 328 
mortality risk/risk factors 231 
relationship to 
atherosclerosis 65, 76 
calcium ingestion 46 
calcium levels 47 
coronary artery calcification 66 
magnesium depletion/deficiency 67 
magnesium infusion 54, 67, 328 
oral infections 245 
root canal-treated teeth 210 
ST segment elevation 78 
testosterone levels 220 
thyroid levels 244, 247 
standard of care 54 
high blood pressure/hypertension 80-85 
control 80, 85, 316 
magnesium infusion 85 
prescription channel blockers 52, 79, 80, 107 
essential hypertension 64, 80 
prehypertension 80 
prevalence 80 
relationship to 
chemotherapy 71 
diabetes/coronary artery disease 41, 87 
intracellular calcium levels 63, 80 
intracellular magnesium vs calcium 201 
magnesium depletion/deficiency 38, 63 


magnesium ingestion 44, 80, 81 
metabolic syndrome 66, 87, 217 
pregnancy 84 
thyroid levels 244 
vasoconstriction 76 
torsades de pointes. 
See Cardiovascular/Heart Diseases 65-86: arrhythmia: torsades de pointes 
vasoconstriction 
acute arterial spasm 76 
need for magnesium 79 
cerebral arteries 79 
cerebral vasoconstriction syndrome 84 
definition/description 75, 84 
relationship to 
essential hypertension 80 
intracellular calcium levels 63, 76 
migraine headaches 129 


Ccardiovascular Disease. See Cardiovascular/Heart Diseases: cardiovascular disease 


Cells (Diseased) 

primary cause 28 

relationship to 
chemotherapy interaction 30 
iron uptake 106 

symptom vs pathology mitigation 29 
IOS normalization 184 
magnesium status improvement 104 


Cerebral Vasoconstriction Syndrome 
magnesium infusions 326 


Chemotherapy 
common cardiovascular toxicities 71 
lowers intracellular magnesium 43 
primary tool of traditional medicine 29 
purpose of 30 
toxicity of 
cisplatin 83 
magnesium protects from toxic kidney damage 147 
oxaliplatin 
magnesium protects from liver damage 120 
magnesium protects from liver toxicity 147 


Chronic Fatigue 38 

COPD. See Pulmonary Disease (COPD) 

Coronary Artery Calcium Tomography 47 

Coronary Artery Disease. See Cardiovascular/Heart Diseases 65-86: coronary artery disease 


C-Reactive Protein Levels 
relationship to 
magnesium ingestion 40, 63 


vitamin C levels 177, 234 


D 


Dementia. See Alzheimer’s Disease 


Dementia 100-107 
Alzheimer’s Disease 100 
definition/description 100 
Parkinson’s Disease 100 
relationship to 
magnesium deficiency 38, 100, 105 
magnesium intake/administration 104 
risk factors 
calcium dysregulation 60 
magnesium deficiency/depletion 102 
neuronal aluminum 101 
neuronal lead 105 


Diabetes 87-92 
complications 
cardiovascular disease 87 
diastolic dysfunction 72 
hypertension 41, 87 
hyperthyroidism 247 
intracellular vitamin C deficiency 228 
metabolic syndrome 66 
renal dysfunction 124 
retinopathy 59 
serum magnesium deficiency 91, 230 
definition/description 87 
magnesium deficiency risks 
abnormal nerve conduction 88 
causes/worsens 38, 42, 74 
diabetes risk 88 
disease complications 92 
insulin resistance 89 
magnesium intake benefits 
cardiovascular disease risk 88, 89 
diabetes risk lessened 88 
diabetic ulcer healing 50 
glucose control 91 
magnesium normalized (serum & intracellular) 90 
pancreas protection 121 
shows substantial benefits 39 
thyroid function 249 
mortality risks 
myocardial infarction when undiagnosed 231 
reduced with insulin administration 231 


Diuretics (Risk Factors) 


relationship to 

heart failure 75 

magnesium wasting/depletion 43, 74, 75 
WARNING! 75 


DNA 
biomolecule 27 
relationship to 
insulin-zinc injections/healing 225 
IOS oxidation 172 
oral pathogens/atherosclerotic plaques 178, 245 
synthesis requires 
folate 310 
magnesium 36 


Drugs 

anti-epileptic 99 

anti-seizure 98 

anxiety/depression 94 

calcium channel blockers 107, 123 

cisplatin 83, 147 

clot-dissolving 128 

cyclosporin A 239, 240 

inhalation delivery 331 

oxaliplatin 120 

risk factors 
ECG abnormalities 135 
failure to address oxidized biomolecules 30 
oxidize/block biochemical pathways 182 
primary tool of traditional medicine 29 
QT interval prolongation 70, 137 

vasodilators 129 


E 


Eclampsia & Preeclampsia 
definition/description 84 
relationship to 
magnesium deficiency 38 
magnesium intake/administration 84, 95, 327, 328 


Enzyme(s) 
deiodinases 248 
of liver (elevated) 
reduced by magnesium 120, 143 
relationship to 
export of intracellular calcium 142, 150 
magnesium as cofactor 36 


Epilepsy 96-100 
definition/description 96 


Estrogen 214-218. See also Hormone(s): sex hormones: estrogen 


F 


Fatty Acid 
biomolecules 27 
required for synthesis 

B1 thiamine 310 
magnesium 36 


Fibromyalgia 
relationship to 
magnesium deficiency 38 
magnesium intake/administration 329 
Focal Infection(s) 207-212 207 


G 


Glucose Metabolism 41 
glucose control 40, 89, 91, 231 


Glutathione 
infusion(s) 41 
intracellular deficiency 
decreases insulin sensitivity 41 
liposome-encapsulated 206 
major roles 314 
improves insulin sensitivity 41 
normalizes increased IOS 41 
production/presence 
boosted by insulin 41 
boosted by Mg 146 
boosted by MSM 314 
boosts intracellular magnesium 41 
normalizes increased IOS 41, 183, 184 
regenerated by Alpha Lipoic Acid 312 
requires Mg for synthesis 36 
reverses toxin impact 133, 206 
supplement administration 
boosts intracellular levels 41 
boosts intracellular Mg levels 41 
recommendation 314 


H 


Hearing 124-126 124 
Loss 
magnesium deficiency/depletion causes/worsens 38 
magnesium ingestion/supplementation 


improves 125 
protects from 125 
supports auditory health 125 


Heart (all conditions/diseases). See Cardiovascular/Heart Diseases 65-86 
Heart Health 65-86. See also Cardiovascular/Heart Diseases 65-86 


High Blood Pressure (Hypertension) 80-85. See Cardiovascular/Heart Diseases 65-86: high blood 
pressure/hypertension 80-85 


Hormone(s) 213-250 

cortisol/hydrocortisone 233-241 213, 235 

estrogen 214-218 214. See also Hormone(s): sex hormones 
anti-inflammatory agent 214 
promotes bone health 214 
regulates calcium metabolism 214 
replacement therapy 216 

relationship to all-cause mortality 216, 218 

retention of magnesium 215 

functional medicine role 31 

insulin 224-233. See also insulin 224-233 

need to balance 186, 223 

need to monitor 52, 210 

Niacin’s role in synthesis 310 

relationship to 
biochemical pathway optimization 219 
body-wide oxidative stress 218 
calcium channel blockers 52, 53 
inflammation/excess oxidation 213 
magnesium intake/administration 132 

sex hormones 156, 182, 213 

testosterone 218-224 218. See also Hormone(s): sex hormones 
acts as calcium channel blocker 223 
reduces inflammation 222 
reduces insulin sensitivity 221 

thyroid 242-250 156, 182, 213, 242, 247 
cellular hypothyroidism 247 
impact of exercise and magnesium 249 
impact of low levels on any/all therapies 242 
relationship to IOS 250 

thyroid stimulating hormone 242 

vitamin D 36, 223 


Increased Intracellular Oxidative Stress (Increased IOS) 
caused by 
chemotherapy/radiation 30 
excess intracellular calcium 28, 31, 101, 150, 181 
cause of all disease 31, 306 
decreased 207 


lowered/controlled by 
any effective supplement/treatment protocol 318 
cortisol/hydrocortisone 237, 241 
estrogen 215, 218 
magnesium/insulin 215, 232 
magnesium/magnesium administration 41, 48, 64, 72, 120, 146 
testosterone 220, 223 
thyroid hormone 250 
vitamin C 227 
promoted by all pathogens, toxins, and poisons 28, 133, 239 
treatment complicated by low hormone levels 213 


inflammation 
alleviation of 176, 239, 245 
definition/description 171, 176 
measurements of 210 
relationship to 
calcium metabolism 62 
C-reactive protein 177, 234 
diabetes, coronary artery disease, hypertension 42, 85, 86, 87, 177 
focal infection 207, 210, 211 
glucose metabolism 232 
hormones 213 
cortisol/hydrocortisone 233 
estrogen 215 
insulin 226 
testosterone 218 
thyroid 213, 242 
immune cells 155 
increased oxidative stress 62 
intracellular calcium 63 
leaky gut syndrome 196 
magnesium deficiency 63, 121, 145, 148 
magnesium ingestion/administration 60 
toxic nutrient ingestion 188, 192, 195, 196 
vitamin C deficiency 177, 233, 234 


insulin 224-233 328 
administration 231 
as glucose metabolism regulator 224 
as therapeutic agent 49, 141, 142 
heals corneal wounds 225 
heals wounds 224, 225, 226 
increases Mg in platelets 89 
why not used for wound care 226 
definition/description 224 
discovery of 208, 209 
enhances cellular uptake of 
magnesium 39, 222 
vitamin C 61, 175, 229 
magnesium’s partner 87, 228, 230 


relationship to 
increased IOS 41, 156, 213, 218 
intracellular calcium 232 
magnesium deficiency 121 
testosterone 219, 220, 221, 223 
resistance 42, 64, 88, 89, 90, 220, 221, 224, 230, 312 
and magnesium 64 


Iron 
health risks associations 193 


J 


Joints 115-118 


K 


Kidney Disease 123-124 
advisability of magnesium infusion 55, 328 
associated with 
low magnesium serum levels 123, 124 
magnesium deficiency 38 
mortality lessened by magnesium intake 124 


L 


Liver Disease 119-120 
lower death associated with magnesium intake 119 


M 


Magnesium 
activates/stimulates/synthesizes 
natural killer cells/T-cells 169 
proliferation of osteoblasts 115 
vitamin D 116 
administration/supplementation. See Magnesium Administration 
and all-cause mortality 
increases with higher Ca/Mg ratio 56 
increases with Mg deficiency 53 
bodily stores 
body-wide 115 
intracellular 57, 82 
measurement 82 
serum magnesium/calcium quotient 57 
promotion of osteoclast activity 115 
serum 83 
skeletal 83, 340 


calcium antagonist/channel blocker 45-64 39, 51, 53, 98, 150 
mechanisms 150 
deficiency. See Magnesium Deficiency 
healing properties of 39-42 
all diseases 39 
antidote for excess calcium 31, 45, 48, 181 
anti-pathogen 168 
antitoxin 59, 60, 145 
bone health 39, 115, 117 
wounds/injuries 49 
intracellular level associations 
arrhythmias 68 
asthma 112 
diabetes 42, 90, 91 
estrogen 217, 218 
extracellular levels 49, 325 
glucose metabolism 41, 90 
glutathione levels 41 
heart failure 74 
hypertension 42, 63, 80, 201 
increased IOS 41, 64, 183, 201 
insulin 227, 230 
insulin resistance 42, 49, 89, 90 
intracellular calcium levels 201, 215 
intracellular potassium 63 
IV infusion 58 
pathology of all disease 84 
platelet thrombosis 86 
serum magnesium levels 65, 73, 77 
testosterone 221, 222, 224 
thyroid hormone 249 
toxin exposure 62 
intracellular levels 
how to raise 62, 132 
need for monitoring 35 
need for 44, 73 
serum level associations 
all-cause mortality 53, 57, 124 
aluminum poisoning 145 
asthma 112 
body-wide deficiency 37, 66, 73, 77, 83, 84, 337, 338, 342 
calcifications 56 
calcium levels 56 
calcium plaque buildup 56 
cerebral vasoconstriction syndrome 79 
cognitive performance 120 
congestive heart failure 72 
dementia 102 
depression 95 
diastolic dysfunction 72 


insulin secreting ability of beta cells 121 
intracellular magnesium levels 65, 77, 78, 82 
intracerebral hemorrhage 110 
kidney transplant infection 169 
muscle tissue biopsy test 83 
myocardial infarction 67 
neurological diseases 102, 103 
Alzheimer’s disease 102, 103 
osteoarthritis 117, 118 
osteoporosis 117 
fracture risk 116 
renal function 124 
serum calcium levels 56 
stroke 108, 110 
supplementation 94, 338 
testosterone levels 222 
vascular calcification 56 
vascular thrombosis 85 
serum levels 
need for supplementation 37 
need to monitor 35 
magnesium/calcium quotient 57 
reference ranges 53 
serum magnesium/calcium quotient 57 


Magnesium Administration 
an essential guide 319-344 319 
health-promoting impact 48-51 
all-cause mortality 53, 54 
antitoxin 62, 140 
alcohol 143 
cadmium 147 
comprehensive list 147-149 149 
interferes with accumulation of some toxins 151 
overdose 140 
shortens QTc intervals 150 
supports immune system 151 
auditory health/conditions 124-126 125 
calcification 57 
dissolves calcium deposits 56 
cardiovascular health/conditions 65-86 
anti-adrenergic effect 85 
arrhythmias 69, 70, 71 
cardiovascular artery spasm 76, 77 
heart rate variability parameters 74 
hypertension 79, 80, 81 
ischemic injury 49 
myocardial infarction 67 
premature ventricular contractions 69 
seizures 98, 99, 328 
stroke 40, 49, 74, 108, 109, 327 


vasospastic angina 78 
disease risk 65, 113 
general healing 39, 49, 50, 135 
decreases body-wide oxidative stress 146 
decreases inflammation 60 
improves Nrf2 effect 151 
mitochondrial function 72 
stem cell recruitment 51 
tissue damage (prevention of) 51 
tissue regeneration 51 
hormonal health/conditions 213-250 250 
lowers cortisol levels 236, 241 
thyroid status 250 
lowered inflammation markers 63 
C-reactive protein 63 
metabolic health/conditions 87-92 147 
beta cell insulin production 91, 121 
diabetes 90 
glucose receptors/transporters 230, 232 
metabolic syndrome 66, 88 
migraines 127-132 128, 129 
musculoskeletal health/conditions 115-118 115 
bone formation 115 
general bone health 117 
knee injuries 51 
osteoarthritis 118 
osteomyelitis 168 
osteoporosis 116 
proliferation of osteoblasts 115 
titanium implants (bone) 115 
neurological health/conditions 93-110 
addictions 95 
Alzheimer’s disease, Parkinson’s disease, dementia 104, 107 
anxiety/depression 94, 95, 99 
eclampsia/preeclampsia 95 
insomnia 96, 236 
provide neuroprotective effects 59 
seizures 98 
subarachnoid hemorrhage 110 
organ system health/conditions 119-126 119 
cisplatin-induced kidney injury 147 
organ health/conditions 147 
pancreatitis 121 
pathogenic diseases 
Epstein-Barr 169 
infections 169 
lowers cytoplasmic calcium in infected cells 156 
pathogens 165 
polio 153-162 153 
protozoa, yeasts, and bacteria 169 


pulmonary health/conditions 111-114 
COPD 114 
lung function 111 
wounds 50 
magnesium deficiency topics. See Magnesium Deficiency 
magnesium general topics. See Magnesium 
politics of 162-165 99, 162 
rationale 37, 42, 54, 57, 66, 77 
goal of 58 
need for 74, 342 
recommended as additive to all protocols 49, 55, 153 
route: enema 330 
route: intramuscular injection 328-329 328 
definition/description 328 
route: intravenous infusion 326-328 
definition/description 326 
in patient types 
cerebral vasoconstriction syndrome 79 
chest pain 55 
comprehensive list 326 
drug overdose 140 
eclampsia/preeclampsia 84 
mastectomy 40 
myocardial infarction 54, 55, 67, 68 
organophosphorus poisoning 140, 143 
prolonged QT interval 140 
stroke 40 
ventricular tachycardia 70 
in the coronary artery 77 
lowered inflammation markers 63 
recommended for hypertension 85 
relationship to all-cause mortality 54, 328 
vasodilation effect 128 
route: nebulization 330-334 
definition/description 330 
route: oral supplementation 320-325 
drinking water 44 
liposome-encapsulated 324-325 58, 104, 132, 206, 307, 315, 324 
traditional 320-324 
magnesium aspartate / magnesium glutamate 323, 326 
magnesium carbonate 323 
magnesium citrate 320 
magnesium gluconate 321 
magnesium glycinate 323 
magnesium oxide 39, 40, 104, 323 
magnesium sulfate 54, 55, 67, 78, 320 
magnesium taurate 321 
magnesium threonate 102, 323 
route: transdermal application 329-330 
definition/description 329 


status determination tests 340-343 339 
intravenous Mg load test 341 
Mg content in muscle biopsies 341 
mononuclear cell Mg level 340 
platelet Mg level 339 
RBC (red blood cell) Mg Level 339 
sublingual epithelial cell 341 
supplementation guidelines 337-344 336 
toxicity of 334-337 107, 328 


Magnesium Deficiency 
adverse effects 48 
body-wide 113 
causes inflammation 63 
chronic wasting 43 
agents that can cause 43 
conditions associated with 
cardiovascular conditions/diseases 
Arrhythmias 65, 68 
coronary artery disease 66 
coronary artery spasm 76 
seizures 38, 99 
stroke 38, 108, 110 
toxicities from chemotherapy 71 
vascular inflammatory response 81 
vasoplastic angina 77 
comprehensive list 38 
diabetes 88, 89 
increased oxidative stress 118 
inflammation 148 
metabolic syndrome 217 
migraines 129 
musculoskeletal conditions/diseases 
decreased bone formation 115 
osteoarthritis 117 
osteoporosis 116-117 116 
reduced vitamin D levels 117 
neurological conditions/diseases 93 
Alzheimer’s disease 103 
dementia 105 
depression and anxiety 93-96 93, 94 
organ system diseases/conditions 119 
hearing loss 124 
pancreatitis 121 
depletion 38, 44 
from excess calcium intake 53 
impact of low levels 71, 76, 85, 88, 91, 92, 112, 169, 217 
indicated by depressed serum levels 77 
magnesium administration topics. See Magnesium Administration 
magnesium general information. See Magnesium 
no compensatory substitute 37 


often not seen in serum levels 65, 83 
origin of many diseases 37 
prevalence of 65 

reference range 53 


Metabolic Syndrome 
associated with 
coronary artery disease 66 
diabetes 88 
estrogen deficiencies 217, 218 
increased all-cause mortality 66 
low dietary intake of magnesium 66 
magnesium deficiency 38 
testosterone deficiencies 66, 221, 224 
diagnosis factors 87, 217 
treated with magnesium 66, 88, 217 


Migraines 127-132 

associated with 

magnesium deficiency 38, 129 

greater during attack 129 

definition/description 127, 128, 129 
prophylactic treatment with magnesium 94, 130, 131 
treated with caffeine 131 
treated with magnesium 126, 129, 130, 131, 326 

agent of choice 130 

more effective than ketorolac 131 
why Mg not included as standard of care 132 


Mortality/Risk of Death 
all-cause mortality increased from 

calcium supplementation 189 
estrogen deficiency 216 
high calcium intake 46, 47, 67, 200 
higher calcium scores 47, 67 
intake of toxic nutrients 188 
low serum magnesium levels 53 
low testosterone levels 219, 220 
metabolic syndrome 66 
prolonged QT interval 135 

predicted by 
artery calcification 67 
calcium/magnesium ratio 57 

reduced by 
calcium channel blockers 51 
higher dietary intake of magnesium 74 
hormone replacement therapy 216, 218, 220, 224 
magnesium administration 54, 68, 328 
use of vitamin C, magnesium, vitamin D, and vitamin K 306, 307, 308, 309 
vitamin C administration 307 

associated with 
calcium intake 46, 47, 54 


low serum magnesium levels 108, 124 
death of cells 
from carbon monoxide 
reduced with magnesium 149 
from cell-toxin 
mitigated by removing excess intracellular calcium 203 
from elevated IOS 61 
lowered with magnesium and vitamin C 231 
in liver reduced by 
magnesium 120 
mitigated with estrogen 214 
death of neurons 
from loss of blood accumulation 108 
from loss of blood flow to brain 108 
reduced with magnesium 110 
from neurodegenerative diseases 100 
caused by excess calcium 105 
increased by elevated intracellular calcium 202 
mitigated by 
lowering calcium 97 
magnesium replacement 93 
increased with elevated blood sugar in myocardial infarction patients 231 
insulin administration lessens 
in sepsis patients 231 
in surgical patients 231 
lessened with corticosteroid treatment 239 
magnesium administration lessens 
in cardiovascular disease 66 
in liver disease 119, 120 
in organophosphate poisoning 140, 142 
in tricyclic antidepressant poisoning 141 
with chemotherapy 61 
risk from 
aluminum phosphate poisoning 
reduced with IV magnesium 144 
arrhythmia 70 
lowered with IV magnesium 145 
calcium toxicity 45 
coronary heart disease 44 
diabetes 87 
endotoxin exposure 
lowered with magnesium replacement therapy 148 
heart disease 
higher with calcium intake 46, 47 
higher with low magnesium intake 66 
hypertension 
lower with magnesium in drinking water 44 
ovarian cancer 
lower with magnesium in drinking water 44 
preeclampsia 


reduced with IV magnesium 122 
prolonged QT interval 135 
reduced with magnesium 140, 150 


Muscles 115-118 115 


N 


Neurological Diseases 93-220 
Alzheimer’s Disease 100 
caused/worsened by magnesium deficiency 38 
dementia 100 
epilepsy 99 
Parkinson’s disease 100 
relationship to 
magnesium deficiency. See Magnesium Deficiency: conditions associated with: neurological 
conditions/diseases 
serum levels of magnesium. See Magnesium: serum level associations: neurological diseases 
stroke 108 


O 


Organophosphorus Insecticide 60, 140, 142 


Organ Systems 119-126 
damage via hypertension 84 
diseased 28 
hearing 124 
impact of magnesium deficiency. See Magnesium Deficiency: conditions associated with: organ 
system diseases/conditions 
importance of magnesium in organ health 37 
kidney 123 
liver 119 
origin of dysfunction 28 
pancreas 121 
reproductive system 122, 214 
restorative power of magnesium 31 


Osteoarthritis 117-118 
associated with 
calcium deposition 118 
dietary intake of magnesium 117, 315 
magnesium deficiency 38, 117, 118 
treated with magnesium administration 118 


Osteoporosis 116-117 
associated with 
dietary intake of magnesium 116 
estrogen deficiency 214 
magnesium deficiency 38, 115 


P 


Pancreas 121 


Parkinson’s Disease. See Dementia: Parkinson’s Disease 


Pathogens, Dental/Oral 
DNA 
found in 
breast cancer tissues. See also Fusobacterium 
linked to 
colon cancer. See also Fusobacterium 


Pathophysiology 

associated with 
coronary artery spasm 79 
heart failure 72 
hypertension 63 
increased IOS 101 
insulin resistance 90 
migraines 130 
treatment principles 185 

positive impact of calcium channel blockers 107 

root of all 39, 134, 185 
cytoplasmic calcium 103 


Potassium 
loss through sweating 207 
most abundant cation in body 35 
relationship with 
diuretics 74 
magnesium 36, 63 
use as antidote 
barium exposure 149 
methadone overdose 70 


Preeclampsia. See Eclampsia & Preeclampsia 


Pulmonary/Lung Diseases 
asthma 
caused/worsened by magnesium deficiency 38 
relationship to 
magnesium intake 111, 112, 114 
magnesium status 112 
serum magnesium levels 111, 112 
treatment with magnesium 55, 112, 113, 114, 167, 326, 327, 332 
COPD 
associated with bronchoconstriction 113 
caused or worsened by magnesium deficiency 38 
description of 113 
treatment with magnesium 113, 114 


QT Interval 
association with toxin impact 135 
definition/description 70, 71, 135, 136 
prolongation associated with 
all-cause mortality 135 
cardiac arrhythmia 135 
comprehensive list of toxin agents 138 
torsades de pointes 135 
toxin exposure 137, 138, 143 
ventricular tachycardia 72 
caused/worsened by magnesium deficiency 38 
definition/description 70 
magnesium treatment effectiveness 137, 140, 141, 150 
conspiracy of inconclusion 141 
treatment responsiveness factors 138 


R 


Radiation 29, 30, 60, 185 
Reproductive System 122 
RNA 36, 172 


S 


Seizure(s) 96-100. See Magnesium Administration: health-promoting impact: cardiovascular 
health/conditions: seizures; See also Magnesium Deficiency: conditions associated with: 
cardiovascular conditions/diseases: seizures 

calcium metabolism 97 
definition/description 96 
relationship to 
calcium channel blockers 84, 98 
eclampsia 84 
intracellular calcium levels 98 
low serum magnesium 98 
serum calcium levels 97 


ST Interval 
definition/description 78 


Stroke 108-110. See also Magnesium Administration: health-promoting impact: cardiovascular 
health/conditions: stroke See also Magnesium Deficiency: conditions associated with: 
cardiovascular conditions/diseases: stroke 

definition/description 108 
depression following 95 
risk of 
from calcium supplementation 46, 202 
from chemotherapy 71 
lessened by testosterone replacement therapy 220 


Supplements 


A-vital and essential 306-308 306 
1. Vitamin C 307. See also Vitamin C 
2. Magnesium 307. See also Magnesium Administration 
3. Vitamin D 307. See also Vitamin D 
4. Vitamin K 308 
B-highly important 308 
5. Omega-3 fatty acids 308, 309 
6. Vitamin E 308, 309 
7. B Vitamins 308, 309 
8. Iodine 308, 310 
C-important 
9. Lysine 312 
10. Vitamin A 312 
11. Alpha lipoic acid 312 
12. Acetyl L- carnitine 312 
13. Zinc 313 
14. Carnosine 313 
15. Coenzyme Q10 313 
16. Methylsulfonylmethane (MSM) 314 
17. Pantethine (vitamin B5 source) 314 
18. N-acetylcysteine and glutathione 314 
19. Chondroitin and glucosamine 315 
20. Amino acids, especially essential 315 
21. Resveratrol 316 
22. Olive leaf extract 316 
23. Curcumin 316 
24. Multivitamin, multimineral formulations 317 
25, Lutein, zeaxanthin, and astaxanthin 317 


T 


Toxins 

acute exposures 252 

as byproduct of pathogen prooxidation 332 

as promoter of increased IOS 28, 293 

deposition of mobilized 300, 303 

digestive 282 

from dental infections 257 

importance of identifying daily exposures 318 

neutralized by vitamin C 271, 281, 284, 299, 300, 302, 304 

oxidative stress, induced by 265 

protocols for digestive exposures 276 
endogenous toxin exposures 275 
exogenous exposures 276 
life-threatening 260 


V 


Vascular Thrombosis 85-86. See Magnesium Deficiency: conditions associated with: 


cardiovascular conditions/diseases 
consequence of magnesium deficiency 71, 85, 86 
definition/description 85 
relationship to magnesium administration 86 


Vasoconstriction. See Cardiovascular/Heart Diseases: vasoconstriction 


Vitamin C 
adversarial glucose relationship 175, 228 
antioxidant (critical/premiere) 37, 41, 60, 133, 155, 156, 174, 175, 183, 227, 233 
antitoxin/anti-pathogen 61, 133, 144, 154, 163, 176, 200, 240 
as part of treatment protocol with 
insulin/hydrocortisone 156 
lysine 312 
magnesium 61, 135, 163, 164, 212, 322 
cellular uptake 64, 227, 228, 232, 236, 237, 241 
decreases all-cause mortality 307 
deficiency/depletion 37, 154, 177, 178, 228, 230, 233, 234 
delivery modes 326 
endogenous 228, 235, 316 
intravenous 206, 328 
liposome-encapsulated 324 
monocytes 234 
nebulization 333 
regeneration of oxidized 229, 312 
dietary intake 125 
dosing 43, 205, 305 
intracellular concentrations 234 
politics regarding use 141, 152, 163, 227 
relationship to inflammation 177, 233 
symbiotic effect with 
hydrocortisone/cortisol 235, 237, 239, 240, 241 
insulin 227, 229, 230, 231 
magnesium 146, 151, 154, 156, 232, 236 
micronutrients 175 


Vitamin D 
as hormone 223 
as “vital and essential supplement” 306, 307 
relationship to 
calcium 130, 200 
calcium/phosphate metabolism 116 
magnesium 36, 116, 117 


Vitamin E 
antioxidant 41 
as “highly important supplement” 308, 309 
as part of a treatment protocol with magnesium 40, 50, 91 
as part of eye antioxidant support 318 
symbiotic relationship with insulin 41 


